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I.  USE  OF  THE  OBDYAC  DURIBG  THE  CLOSOT  PERIOD  AT  SHE  VM.WBS1W. 


A  table  is  presented  in  this  section  which  shews  the  distribution 
of  time  for  the  0RD7AC  during  the  interval  from  January  15th  through  February 
9th,  1952.  During  the  week  of  February  Vth  to  9th,  the  OKDYAC  was  not  used 
on  useful  codes  to  any  large  extent,  but  instead,  the  period  was  used  to 
eliminate  two  marginal  errors  which  had  occurred  from  tine  to  time: 

(1)  A  switching  transient  in  the  operate  -  control  switch 
produced  errors  occasionally  and  was  fixed, 

(2)  A  gate  tolerance  affecting  the  red  and  black  gates  of 
the  Rj  Rjj  registers  had  eventually  caused  leapfrog  routine  failures  and  was 
repaired. 

The  leapfrog  routine  was  operated  for  a  period  of  ten  hours  on 
February  7ta  without  terminating  in  a  failure,  after  the  repairs  mentioned 
above  were  made.  The  leapfrog  was  again  operated  three  hours  and  fifty-nine 
minutes  on  February  9th  which  terminated  in  a  failure .  On  the  basis  of  these 
tests  the  machine  was  believed  to  be  in  a  reasonably  error-free  state  and 
ready  for  dismantling  and  shipment. 

TABLE  I 
DISPOSITION  OF  ORDVAC  TIME  l/l7/52  TEROttSH  2/9/52 
ROUTINES  FOB  TESTIIIG  MACEEBE: 


A. 

Stripes 

3:55 

B. 

RAR 

4:02 

Co 

Leapfrog 

29:15 

D. 

Leapfrog  abstract  (crippled  leapfrog) 

:3k 

TOTAL:      37:^6 
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TIME  FOR  E.D.C,  GROUP  CODES  KSD  PROBLEMS: 

A.  Clutterham  25:56 

B.  Wheeler  15:20 

C.  Gregory  2:30 

D.  Cross  2:25 

E.  Miscellaneous  2:23 

TOTAL:  k&:3k 


TIME  FOR  KON-E.D.C.  CODES  AHD  FROBLES©: 

A.  Control  Systems  Laboratory  65:00 

B.  Civil  Engineering  Research  9:26 

C.  Ballistic  Research  Laboratories  5:^-1 

D.  Electrical  Engineering  Research  5:33 
(Welkowitz) 

E.  Physics  (Kalos)  2:55 

TOTAL:     88:35 

Efl&EHEERIEG-  MAIHTEHA1CE  AID  TROUBLESHOOTIEG: 

The  time  listed  tinder  routines  for  testing 
the  machine  is  not  included  here. 

TOTAL:     15^:^3 

TIME  OK: 

Approximately    35&: 

II  MOVIHG  0?  ORDVAC 

On  February  11th  the  group  started  to  dismantle  the  machine  and 
during  the  course  of  this  week  preparations  were  made  for  shipping  it.  The 
machine  was  shipped  with  its  covers  removed  and  with  all  the  vacuum  tubes 
except  the  memory  tubes  in  place.  It  was  mounted  in  a  moving  van  on  February 
15th  and  left  Champaign  on  February  l6th.  It  arrived  at  Aberdeen  on  February 
19th  and  the  ensuing  week  was  spent  in  assembling  the  machine.  By  February 
25th  the  machine  was  assembled  and  ready  to  be  tested,  but  the  installation  of 
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the  air-cooling  unit  to  be  provided  by  the  Ballistic  Research  Laboratories 
was  not  finished.  During  the  next  few  days  some  effort  was  put  on  the  Williams 
test  rack  and  it  was  placed  in  operation.  It  was  found  that  pulse  voltages 
existed  on  the  power  lines  at  the  Ballistic  Research  Laboratories  which  caused 
errors  in  this  Williams  test  rack.  Appropriate  steps  were  taken  to  correct 
this  in  both  the  test  rack  and  the  ORWAC  itself.  The  installation  of  the 
air-cooling  equipment  was  finished  on  February  29th  and  the  testing  of  the 
GRDVAC  started  on  that  day.  %  March  2nd  the  OKD¥AC  had  been  generally  tested 
enough  so  that  the  leapfrog  routine  ran  for  2  -  thirty- five  minute  intervals, 
each  of  which  ended  in  an  error.  It  is  perhaps  desirable  to  record  the  errors 
in  assembly  or  transit  which  needed  to  be  repaired  in  order  to  put  the  machine 
into  operation.  These  are: 

1.  The  a.c.  power  to  operate  the  d.c.  turn-on  relays 
was  connected  to  6.3  volts  instead  of  110  volts, 

2.  Two  wires  were  interchanged  during  the  assembly  of 
the  d.c.  turn-on  circuit  in  another  portion  of  the 
machine, 

3»  A  10  -  32  nut  shorted  to  ground  a  cathode  circuit  in 
a  clear  driver-driver,  requiring  the  replacement  of 
six  resistors, 

k.    A  filament  lead  in  the  address  generator  was  broken, 

5.  The  aluminum  supports  for  a  small  panel  of  condensers 
in  the  address  generator  were  broken, 

6.  A  piece  of  solder  shorted  one  of  the  address  generator 
terminals  to  ground  requiring  the  replacement  of  two 
resistors, 

7.  Two  deflection  resistors  used  to  connect  the  slave  tube 
to  the  main  memory  were  shorted  together, 

8.  Three  memory  chassis  had  faults  which  prohibited 
storage  and  hence  needed  to  be  replaced,. 

9.  A  wire  in  memory  position  2""1^  was  broken  and  shorted 
to  ground  which  required  the  replacement  of  a  hjO  K 
resistor  as  well  as  the  wire, 


Jfc. 

10.  A  grid-cathode  short  1b  tube  29  of  Chassis  C,  re- 
quired the  replacement  of  the  tube, 

11.  Several  order  gate  vires  had  been  shorted  together 
during  shipment  and  needed  to  be  untangled, 

12.  A  cathode  of  tube  16  in  the  register  selection  chassis 
•was  shorted  to  ground  by  loose  solder, 

13.  The  gate  tolerance  "bumping"  voltage  in  the  negative 
direction  of  tha  gate  driver  IL.  chassis  -was  changed 
from  -15  to  -23  volts  because  one  of  the  gates  did  not 
go  sufficiently  negative  to  provide  a  reply  to  Chassis 
A*  It  is  difficult  to  know  -whether  this  was  a  part 
of  the  shipment  problem  or  was  unrelated  to  it, 

lb.     An  error  occurred  in  the  gating  of  the  H  order  which 
eventually  required  the  replacement  of  a  tube. 

The  correction  of  these  errors  made  it  possible  to  treat  the 
computer  as  an  operating  instrument  and  to  use  routines  as  a  means  for  diag- 
nosing other  intermittent  failures  which  occurred.  All  of  the  additional 
failures  noted  were  due  to  tubes.  Eighteen  small  tubes  were  replaced  as  a 
result  of  hammer-testing  chassis  at  the  same  time  that  the  "crippled- leapfrog" 
routine  was  in  operation.  Forty- two  5687  tubes  in  the  clear  drivers  for  the 
registers  were  replaced  because  a  number  were  operating  at  zero  bias,  and  al- 
though this  did  not  necessarily  interfere  with  the  operation  it  appeared 
desirable  to  change  them  while  the  University  personnel  were  present.  Similarly, 
and  for  the  same  reason,  twelve  5687' s  in  the  shift  counter  were  replaced. 
The  total  number  of  small  tubes  replaced  was  seventy- two.  Seven  memory  tubes 
were  replaced  for  reasons  which  may  or  may  not  have  been  associated  with  ship- 
ment. 

The  machine  successfully  performed  the  required  read-around  and' 
flaw  tests  on  March  5th.  On  March  5th  and  6th  the  machine  successfully  carried 
out  twenty  hours  of  operation  with  one  failure  on  the  final  test  routine.  The 
group  remained  at  Aberdeen  for  several  additional  days  to  check  further  the 


-5- 

memory  and  to  obtain  a  satisfactory  run  of  the  leapfrog  routine.  On  March  8th 
the  leapfrog  routine  was  operated  for  five  and  one-quarter  hours  which  termina- 
ted in  a  failure  due  to  a  filament  failure  of  a  tube  in  the  digit  resolver. 
The  machine  was  put  under  the  cognizance  of  the  Ballistic  Research  Laboratories 
effective  8:00  AM  March  10,  1952. 

The  following  individuals  worked  at  Aberdeen  between  the  dates 
listed: 

Edwin  L.  Sughes  February  19th  through  March  8th 

Walter  E.  Jones  February  20th  through  February  28th 

Thomas  E.  Kerkering  February  19th  through  February  2^-th 

Harold  E.  Lopeman  February  19th  through  February  2kfh 

Ralph  E.  Meagher  February  19th  through  March  1st 

John  P.  Nash  February  28th  through  March  9th 

James  E.  Robertson  February  27th  through  March  9th 

Theodore  Shapin,  Jr.  February  19th  through  March  8th 

III  QROTAC  MAHUAL 

One  systematic  editing  job  of  the  manual  has  been  carried  out. 
Three  copies  of  it  exist.  It  has  been  decided  to  add  a  chapter  containing 
the  codes  and  descriptions  of  the  leapfrog  routine,  the  final  test  routine, 
the  read-around  routine >  the  crippled  leapfrog  routine,  the  flaw  test,  and 
the  dynamic  adder-digit  resolver  test  routine.  It  will  also  be  necessary 
to  go  through  the  manual  an  additional  time  to  make  some  corrections.  One 
copy  of  the  manual  will  then  be  sent  to  Ballistic  Research  Laboratories  to 
complete  the  requirements  of  the  original  Ordnance  contract,  and  step3  will 
be  taken  to  have  about  three-hundred  copies  multilithed.  It  is  believed 
that  this  will  take  about  four  weeks. 

At  the  request  of  the  Ballistic  Research  Laboratories  and  charge- 
able to  the  moving  contract,  a  set  of  "Van  Itykes "  of  all  of  the  GRDVAC 
drawings  is  being  prepared  by  the  Photographic  Office  for  Ballistic  Research 
Laboratories. 
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The  group  at  the  Ballistic  Research  Laboratories  now  has  three 
complete  sets  of  drawings  on  OKDVAC  circuits. 
IV  CODES  TO  BE  SEWS  TO  ORDVAC 

A  number  of  codes  will  be  taken  to  Aberdeen  to  be  tried  on  the 
ORDVAC  in  the  very  near  future.  There  is  known  to  be  ready  at  the  present 
time  the  following: 

1.  One  code  -  CSL  -  M.  Davis 

2.  Bandora  Walk  Problem  -  Wheeler-Wall,  to  be 
taken  by  David  Clutterham 

3*  Cosmic  Ray  Shower  Moments  -  Ealos,  to  be 

taken  by  Davis 
h.     Refraction  of  Shock  Waves  -  Clutterham 
5.  Ball  on  a  beam  -  Carlson 
6»  Simultaneous  Linear  Equations  -  Mrs.  Benesch 

to  be  taken  by  Carlson 

v  CODIHG  A5D  PR06BA1MQIS 

Work  has  continued  on  the  refraction  code  in  an  effort  to  eliminate 
its  errors.  Two  errors  were  found:  (l)  Certain  missing  roots  were  accounted 
for  by  observing  that  a  negative  case  had  not  been  considered  and  (2)  an  error 
in  the  sign  of  one  of  the  quantities  calculated  could  apparently  account  for 
at  least  some  of  the  bad  pressure  ratios  found  when  the  problem  was  previously 
run.  These  errors  were  corrected  and  a  new  tape  will  be  tried  at  Aberdeen. 

A  complete  report  on  the  eigenvalue  problem  as  coded  for  the  GRDVAC 
has  been  written.  However,  certain  modifications  in  it  were  made  because  of 
a  lack  of  a  high-speed  input  at  Aberdeen. 

A  new  leapfrog  routine  using  the  code  for  the  University  of  Illinois 
machine  has  been  written  in  such  a  way  that  it  will  operate  in  a  memory 
having  either  512  locations  or  1024  locations.  This  routine  is  more  complete 
than  the  old  leapfrog  routine  and  gives  more  information  about  the  state  of 
the  machine. 
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A  new  decimal  order  input  routine  for  the  University  machine 
has  been  -written  and  checked.  A  complete  description  of  this  program  is 
now  being  written  up.  A  rough  draft  of  a  routine  for  solving  simultaneous 
algebraic  equations  has  been  written. 

Some  work  is  also  being  done  in  the  writing  of  subroutines  for 
the  expansion  of  functions  by  means  of  a  series  of  Tshebysheff  Polynominals . 
The  rapid  convergence  in  simple  form  of  such  series  makes  them  desirable 
for  use  in  subroutines. 

VI  PROGRAM  OF  WORK  FOR  THE  CQDHiG  AM)  PRCGRASMQ80  GRQgP 

A.  Test  Routines 

1.  Leapfrog  (written  but  not  tested) 

2.  Memory  tests  (revisions  are  desirable) 

a.  Read-around 

b.  Flaws 

3.  Adder  Digit-Resolver  test  (should  be  discussed) 
h.     Crippled  leapfrog  (should  be  discussed) 

B.  Programs 

1«  Subroutines 

a.  Input  and  Output 

(a)  Decimal  order  input 

(b)  Conversion  routines 

b.  Floating  Point  Routines  (investigate  differences 
between  binary  and  decimal  routines ) 

c.  Double  Precision  Arithmetic 

d.  Evaluation  of  functions 

(a)  Square  root  (requires  translation  to 
Illinois  code  from  ORDYAC  code) 

(b)  Sine,  cosine,  exponential      \  Require  writing 

(c)  Arctan,  etc.  j   and  finding 

(d)  Logarithm  (^  coefficients 
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2.  Processes 

a.  Solution  of  simultaneous  algebraic  equations 
(half  written) 

b.  Inversion  of  matrices  (not  done) 

c.  Determination  of  eigenvalues  and  eigenvectors 
(translation  and  minor  changes) 

d.  Solution  of  ordinary  differential  equations 
(translation) 

e.  Integration  (investigate) 

f.  Interpolation  (defer) 

g.  Finding  roots  of  algebraic  equations 
(investigate) 

(a)  Real 

(b)  Complex 

h.  Sorting  (defer) 

i.  Solution  of  partial  differential  equations 
(investigate) 

C»  Checking  Routines 

1.  Code  checker  (investigate) 

2.  Post  Mortem  (translation) 

3.  Address  finder  (translation) 

h.    External  blocking  routine,  tape  controlled  (investigate) 

D.  Diagnostic  Routines 

1.  This  important  category  of  routines  has  been  only 

very  superficially  considered.  More  work  will  be  done. 

VII  MEMORY 

Memory  work  is  now  being  carried  out  for  the  University  of  Illinois 
Computer.  This  memory  is  now  commonly  being  designated  as  Williams  V.  Pre- 
parations are  being  made  to  alter  Williams  II  so  that  it  may  be  used  to  check 
the  read-around  of  every  address  of  the  memory  for  tube  testing  purposes  and 
prey^arations  are  also  being  made  to  use  the  old  Williams  III  unit  as  an 
additional  test  bench  for  memory  tubes  and  circuits. 

The  circuit  to  be  used  for  the  individual  chassis  of  Williams  V 
is  given  in  drawing  38^.  It  differs  in  a  number  of  details  from  the  circuit 
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used  in  the  ORDVAC  memory.  However,  some  considerable  caution  has  "been 
exercised  to  see  that  the  new  circuit  differs  only  in  ways  which  are  im- 
provements upon  the  ORDVAC  memory  and  only  in  such  a  way  that  the  changes 
are  well  understood  or  are  very  easily  alterable  to  the  exact  circuit  of  the 
ORDVAC  memory.  The  Williams  V  circuit  has  a  somewhat  different  system  for 
the  detection  of  a  dash.  In  ORDVAC  a  dash  is  sensed  by  the  presence  of  a 
dash  and  a  dot  is  sensed  by  the  absence  of  a  dash.  In  Williams  V  for  the 
Illinois  computer  a  dash  is  sensed  by  the  absence  of  a  dot  and  a  dot  is 
sensed  by  the  presence  of  a  dot.  Logically  the  systems  are  the  same  but  the 
newer  system  allows  a  greater  time  tolerance  in  the  dash  test  pulse  and,  in 
fact,  allows  it  to  be  longer  which  should  reduce  the  flaw  problem  somewhat. 

At  the  present  time  there  are  11  chassis  complete  and  tested. 
Ten  of  these  are  numbered  ones,  the  other  is  a  model,  although  it  may  be  used 
in  all  of  the  circuits  as  it  is  identical  circuitwise  and  exterior  connection- 
wise.  It  has  been  the  practice  to  check  each  chassis  with  the  same  set  of 
tubes  in  order  to  isolate  tube  troubles  from  wiring  errors  and  unsoldered 
connections . 

One  hundred  cathode  ray  tubes  have  been  received  of  the  3KP1  type. 
Of  these,  twenty- four  have  been  sent  on  along  to  the  Ballistic  Research 
Laboratories,  and  preparations  are  being  made  to  test  the  others  soon.  A 
special  cathode  ray  tube  which  is  supposed  to  have  a  particularly  high 
read-around  ratio  and  a  small  number  of  flaws  is  being  sent  for  test  from 
RCA. 

The  IBM  Company  has  reported  a  mud- hole  effect  which  states  that 
if  a  particular  spot  which  is  a  dot  is  consulted  a  number  of  times  In  succession, 
and  then  there  is  a  pause  of  perhaps  ten  or  twenty  milliseconds,  this  spot  will 
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change  to  a  dash.  UMs  has  been  looked  for  on  one  cathode  ray  tube  and 

■ 

has  not  been  found. 

7111  BiPUT-OUTPUT  WORK 

A  number  of  units  are  now  available  for  use  as  input-output 
equipment  on  the  University  of  Illinois  computer.  Some  of  these  require 
alterations  before  they  can  be  used  -with  the  computer.  This  "work  is  being 
carried  out  now.  The  present  goal  is  to  increase  the  speed  of  input  and 
output  for  the  University  of  Illinois  computer  over  that  available  ir  the 
OKDVAC.  It  is  most  convenient  to  summarize  all  of  the  units  which  we  now 
have  on  hand  or  on  order  in  a  table  which  is  presented  as  Table  II. 

TAHEE  II 


KAME 

Page  printer  with 
tape  punch  keyboard 


Transmitter-Distri- 
butors 


quabtit?  guacTioags 

2  on  hand   Punch  a  tape  from  keyboard. 
Print  from  Teletype  start- 
stop  signals. 


2  on  hand   Generates  stop-start 
code  from  a  punched 
tape. 


COlilBIiTS 

These  units 
have  been  con- 
verted to  the 
code  used  on 
OHDVAC. 


Standard  Units 
6.1  sexadecimal 
characters  per 
second. 


Bbn-typing  reper- 
forator 


1  new  unit  Perforate  a  tape  from 
1  used  unit  start-stop  signals 


Standard  Units 
6.1  sexadecimal 
characters  per 
second. 


The  above  three  units  were  used  to  prepare 
and  duplicate  tapes  for  GBWAC. 
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NAME 


QUAKT1TI 


FU&CTM 


Fast  transmitter   1  on  hand   Computer  input  reader 
distributor 


COMCTTS 

Reads  26  sexadecimal 
characters  per  second. 
Available  for  new  com- 
puter now. 


Ferranti  reader 
($1,875*00) 


Western  Union 

reperforator 

($250.00) 


One  for  de-  Computer  Input  reader 

livery 

5/30/52 


2  on  hand   Magnet  operated  tape 
punch 


Will  read  200  sexadecimal 
characters  per  second. 


Heeds  new  die  block  for 
on-center  sprocket  hole. 
15.  per  second.  Could 
be  used  as  output  for  U. 
of  I.  computer.  Also 
suitable  for  tape  pre- 
paration. 


Western  Union 

Transmitter 

($150.00) 

1  on  hand 
1  on  order 

Magnet  operated 
tape  reader 

Heads  15  sexadecimal 
characters  par  second. 
Suitable  for  tape  pre- 
paration. 

ASPS  reperfora- 
tor (Teletype 
special) 

1  on  hand 

5  magnet  motor 
driven  tape  punch 

Initial  output  for 
Illinois  machine.  25 
per  second.  Heeds  a 
drive  (motor  and  clutch). 

Transmitter- 
Distributors 

1  l/2  on 

hand 

1  on  hand 

One  unit  is  modified 
for  a  tape  comparer, 
the  other  furnishes 
spare  parts. 

6.1  sexadecimal  characters 
per  second. 

X-6  Transmitter 

Used  with  above  for 
tape  comparer. 

6.1  sexadecimal  characters 
per  second. 

IX   PROGRAM  FOR  THE  EXPERIMEJ1TAL  GROUP 

A.  Construction  of  University  of  Illinois  Computer  which 
requires  the  following: 
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1.  Williams  V  memory,  construction  and  test, 

2.  Some  changes  in  orders  affecting  the  end  connections, 

3.  Memory  control  chassis, 
k.     Construction  of  covers, 

5.  Further  work  on  Ferranti  input  to  have  a  200 

sexadecimal  character  per  second  input  and  further 
work  on  high  speed  punch  to  provide  25  sexadecimal 
characters  per  second  output,  and  their  circuits. 

**•  Input-Output 

1.  Work  on  magnetic  drum  to  determine  circuits, 
present  drum  characteristics  (Task  2k), 

2.  Study  of  logical  arrangement  for  interrelation 
of  drum  and  computer. 

C.  Memory 

1.  Further  investigation  of  present  memory  with  new 
circuits  to  improve  read-around  and  reduce  flaws, 
especially  if  manufacturers  do  not  improve  commerical 
tubes, 

2.  Study  of  other  detection  systems  and  tubes. 

D.  Transistor  Circuits 

1.  Study  of  presently  available  transistors  and  their 
computer  circuits.  Analysis  "by  means  of  computer, 

2.  Study  of  possible  new  transistor  circuits  and  their 
effect  upon  logical  arrangement.  These  could  he 
carried  out  with  GNR  support. 

E»  Logic 

1.  Study  of  computer  logic, 

2.  Use  of  computer  to  minimize  logic  in  new  designs. 

X  ORDERS  FOB  THE  uTOTERSITg  OF  ILLINOIS  mCHUSE 

It  has  been  proposed  that  certain  alterations  he  made  in  the  list 
of  orders  available  on  the  University  of  Illinois  machine  as  compared  with 
the  list  available  on  OKDVAC.  Each  of  these  will  require  some  alterations 
of  the  QROTAC  circuits.  It  is  convenient  and  possible  to  make  these  changes 
on  the  University  of  Illinois  machine  at  its  present  stage  without  noticeably 
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delaying  its  completion.  A  list  of  the  code  and  orders  for  the  new  machine 
vill  be  available  shortly.  The  changes  from  the  ORWAC  to  the  University 
machine  may  be  briefly  noted  as  follows: 

1.  The  left  shift  order  will  still  be  ''arithmetically  correct" 

and  in  particular  will  permit  a  shift  from  2~  to  2  in  R^  and  a  shift  from 

-1      -39 

2   ^  to  2    1^. 

2.  The  divide  order  will  be  changed  because  of  the  change  in 
the  left  shift  order  listed  in  (l).  The  divide  order  will  shift  the  contents 
of  R  into  R.^  (except  for  2  R  ) 

3.  Because  of  the  change  in  the  left  shift  order  in  (l)  the 
print  order  will  be  revised  so  that  upon  printing  the  contents  of  R  it  will 
also  be  shifted  to  R^  (except  for  2°  R,). 

h.     The  transfer  part  of  the  A  order  will  be  eliminated. 

5.  The  control  transfer  orders  both  unconditional  and, 
conditional  will  be  changed  so  that  the  sexadecimal  code  used  to  designate 
them  will  be  more  uniform  and  will  be  easily  indicated  by  inspection  of  the 
kind  of  transfer  involved. 

6.  The  sexadecimal  designation  for  the  conditional  stop  orders 
will  be  changed  and  will  differ  from  the  corresponding  transfer  orders  one 
digit  in  each  case.  Thus  there  will  be  k  conditional  stop  orders. 

XI   COHSTRCCTIQg  WORK 

The  following  construction  work  has  been  carried  out  during  the 
past  two  months. 

1.  Fifty  (50)  memory  chassis  have  been  built,  10  of 
which  have  been  wired, 

2.  OKDVAC  dismantled,  shipped  and  assembled, 
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3.  4-680  volt  power  supply  used  on  OBDVAC  rewired, 
h.    Frame  for  memory,  one-half  finished. 


J^£.WV>y^~i 


E.  B  Meagher 


March  2h,   1952 
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ELECTRONIC  DIGITAL  COMPUTER 


TOs       Executive  Committee,  Computer  Subcommittee,  University 
Research  Board 

FROM;     R.  E.  Meagher 

DATE:     April  22,  1952 


A  proposal  has  been  sent  to  (MR  requesting  the  extension  of 
the  Task  2h  contract  for  two  years  from  July  1,  1952  at  a  cost  of  about 
$31>000«00  per  year.  The  work  to  be  covered  by  the  proposal  would  in- 
clude Magnetic  Drum  work,  High  Speed  Memory  work,  or  Transistor  Circuit 
work.  Similarly,  a  proposal  has  been  sent  to  GRR  requesting  the  extension 
of  the  Task  3°  contract  for  two  years  at  the  rate  of  $10,000.00  per  year. 

One  copy  of  the  manual  has  been  sent  to  the  Ballistic  Research 
Laboratories.  This  completes  the  requirement  under  the  original  Ordnance 
11362  contract. 

Mr.  David  Muller,  now  of  the  California  Institute  of  Technology, 
has  been  awarded  a  Post  Doctoral  University  Fellowship  and  will  be  in  the 
University  after  September  1,  1952.  He  is  interested  in  studying  various 
aspects  of  computer  logic,  as  well  as  studying  mathematics* 

Mr.  Frailer  and  Mr.  Sands  of  the  architect's  office  have  pre- 
pared a  proposal  for  a  cooling  system  for  the  University  of  Illinois  com- 
puter which  appears  attractive.  The  system  proposes  a  refrigerating  system 
capable  of  removing  5^,000  BTO's  per  hour,  and  a  radiator  using  water  as 
a  coolant  to  remove  the  rest  of  the  heat  required  from  the  computer.  The 
cooling  system  would  be  mounted  in  the  basement  nearly  below  the  computer. 


Page  2  April  22,  1952 

An  estimate  has  been  made  that  the  entire  system  Including  installation 
and  costs  to  the  architect's  office  would  amount  to  $3*000.00.  Bids  for 
this  work  are  being  obtained  at  the  present  tine.  In  any  case,  it  seems 
desirable  to  rotate  the  computer  so  that  it  is  at  an  angle  of  approximately 
ho  degrees  vith  respect  to  its  present  position,  and  so  that  the  cooling 
air  for  the  machine  can  be  admitted  through  the  floor  of  the  room.  This 
removes  one  duct  from  the  computer* 

An  investigation  is  currently  being  made  to  ascertain  the 
feasibility  of  a  teletype  connection  between  our  group  and  the  OHBVAC. 
According  to  present  estimates  this  would  cost  about  $60.00  a  month  plus 
$1*00  for  each  five  minutes  the  circuit  is  used.  A  reperforator  which  is 
not  normally  furnished  by  the  Bell  system  would  have  to  be  attached  at  each 
end  of  the  line.  Permission  will  have  to  be  obtained  to  install  these 
reperforators  on  Bell  telephone  lines.  It  will  also  be  necessary  to  secure 
the  permission  for  this  installation  from  the  Ballistic  Research  Laboratories, 
but  preliminary  contacts  with  Br.  Leutert  indicate  that  he  is  in  favor  of  it, 
but  that  he  does  not  blow  what  Army  restrictions,  if  any,  mignt  apply. 

The  seminars  during  the  past  month  have  been: 

March  19,  1952 
Williams  V  by  Joseph  M.  Wier 

April  2,  1952 

Huraerical  Problems  in  Psychology  by  Br.  Charles  F.  Wrigley 

April  9,  1952 
Computer  Input-output  Circuits  by  Theodore  Shapln,  Jr. 
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April  VS,   1952 

Stability  and  Convergence  Problems  in  Numerical  Solutions 
of  Simple  Dynamical  Systems  by  Professor  N.  M.  Netrmark 

April  23,  1952 
Machine  Solution  of  the  Dynamic  Effect  of  Rolling  Loads 
on  Highway  Bridges  by  Mr.  A.  J.  Carlson 

The  list  of  personnel  associated  with  the  group  remains  un- 
changed from  last  month's  list. 

A  financial  summary  prepared  by  Mr.  Michael  is  attached. 
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ELECTRONIC  DIGITAL  COMPUTER 


TECHNICAL  EROSRBSS  REPORT 


March  15,  1952  -  April  15,  1952 
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I  CODES  POT  OW  THE  OHDVAC 

Shock  Wave  Problem*  After  Its  failure  at  Aberdeen  on  March  16 
Clutterham  and  Taub  found  faults  vhich  could  account  for  all  erroneous 
results.  It  was  run  again  April  10  and  failed,  apparently  "because  of  a 
tape  punching  error »  This  has  been  corrected  and  the  code  has  been  sent 
back  to  Aberdeen » 

Eigenvalues  and  Eigenvectors.  Kobert  Gregory  of  the  Computer 
group  and  Jack  Heuhaus  of  the  Psychology  Department  vent  to  Aberdeen  to 
run  sons  matrix  problems  on  the  OKDVAC.  During  the  period  5  PM  April  lk 
to  7  AM  April  15  they  obtained  eigenvalues  and  eigenvectors  for  23  matrices, 
15  of  them  being  of  order  20  or  23  and  the  remainder  of  order  7  or  8. 

Simultaneous  Equations.  This  code  solves  a  set  of  simultaneous 
linear  algebraic  equations  by  using  a  direct  method  and  back  substitution* 
With  the  0BD7AC  memory,  ho  equations  can  be  handled.  The  time  required 
will  be  about  3  minutes.  This  program  has  been  tried  once,  a  coding  error 
has  been  found  and  corrected,  and  it  has  been  returned  to  Aberdeen  for 
another  test. 

Ball  On  A  Beam.  A.  J.  Carlson  of  the  Civil  Engineering  Depart- 
ment successfully  carried  out  the  problem  of  a  ball  rolling  on  an  idealised 
beam  and  additional  sets  of  data  vith  other  constants  for  the  same  problem 
are  now  at  Aberdeen  waiting  to  be  worked. 

Cosmic  Regr  Shower  Moments.  M.  H.  Ealos  of  the  Physics  Department 
has  a  code  at  Aberdeen  for  the  calculation  of  cosmic  ray  shower  moments. 
This  vas  tried  once  on  the  C&DVAC  before  it  vas  moved  and  the  first  five 
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moments  were  successfully  calculated.  After  the  QRBVAC  was  moved  to 
Aberdeen,  Kr.  Davis  of  the  Control  Systems  Laboratory  put  the  problem 
on  the  machine  and  calculated  a  sixth  moment,  but  there  is  a  question 
whether  the  calculation  was  correct  because  of  printing  errors.  The  code 
is  waiting  to  be  put  on  the  machine  again* 

Random  Walk  Problem.  The  original  tape  has  been  run  successfully 
at  Aberdeen  (it  ran  before  the  machine  was  moved)  but  a  somewhat  altered 
version  to  extend  the  available  data  did  not  run  successfully  at  Aberdeen 
and  insufficient  information  was  sent  back  to  get  it  corrected*  A  new 
tape  will  be  sent  out. 

David  Clutterham  will  go  to  Aberdeen  on  April  22  to  remain  there 
for  several  weeks  in  order  to  get  the  shock-wave  problem  finished*  Be  will 
also  serve  as  the  group  representative  there  during  that  period  and  will 
help  in  seeing  that  other  problems  from  the  University  are  tried  on  the 
machine  o 

II  COPES  WHICH  HAVE  BEEN  WXXXmg  OR  ARE  HCW  BEXM?  WBITEStt, 

Multiple  Precision.  A  program  for  carrying  out  arithmetic 

operations  to  precision  of  about  2   in  addition  and  division  and  2 

in  multiplication  has  been  written*  It  is  untested* 

Integration.  A  closed  subroutine  for  evaluating  I  f(x)dx  has 

been  written  but  is  untested* 

Evaluation  of  Functions.  Subroutines  are  being  written  for 

ii.  ir  in        imul  uliwiii     mtmm     i  H    uimi  ■■■— w— — mm  «*» 

evaluating  functions  by  means  of  power  series  involving  Chebychev  polynomials., 
Special  attention  has  been  directed  toward  arctan  a  using  coefficients  correct 
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to  12  decimal  places. 

Rewriting  of  Routines .  The  changes  in  the  order  code  which 
make  the  Illinois  machine  different  from  the  ORDVAC  require  rewriting 
routines.  This  is  being  done,  and  completed  routines  vill  be  duplicated 
with  flow  diagrams  and  explanatory  material  for  distribution  to  interested 
persons. 

OHDVAC  Manual.  The  coding  group  has  done  a  considerable  amount 
of  work  in  preparing  diagrams  and  codes  for  the  ORWAC  manual. 

Test  Routines.  The  leapfrog  routine  has  been  rewritten  for  the 
Illinois  machine  so  that  it  can  be  used  in  either  a  512  word  or  a  102*1 
word  memory.  The  read-around  test  is  also  being  rewritten  and  is  nearly 
complete. 
Ill  ORDER  CODE  FOR  ILLINOIS  COMFPTgR. 

The  order  code  will  be  an  eight  digit  code.  It  differs  in  some 

cases  from  the  code  used  on  the  0RD9AC.  The  code  Is: 

IHSSMJCTIOB  IKSTKOCTIOT 

ORDER  DIGITS         ORDER  DIGITS 

Left  Shift  00  .  §  ( Left                 26 

Right  Shift  10  -g^  \ Stop  Left             2* 

Tape  Input  80  §  |  iRight                22 

Tape  Output  82  §  $  ( stop  Right            20 

Drum  Input  ok 

Drum  Output  86  g 

Letter  Output  92  £  /'Left                36 

Store  ^0  4  a  \  stop  Left             34 

Store  Left  Address  h6  §  £  1  Right               32 

Store  Right  Address  k2  o  w  /  stop  Right            30 

Memory  to  Quotient  Register  50 

Divide  o^  Add  from  Quotient  Register  Sx 

Multiply  Holding  7k  Unconditloml  Stop        OP 

Multiply  Unrounded  75 

Multiply  Bounded  jj 

Add  Orders  Lx 
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The  functions  of  the  instruction  digits  are  given  belov. 


FIRST  SEXADECIMAL  DIGIT 


USE                                   READ, 

RIGHT  SHIFT, 

ADDITION 

MEMORY 

ORDER 

COHDITXOSAL 

1 

1 

1 

1 

0 

0 

0 

0 

MULTIPLIC 

JATION 

HOT 

WRITE  , 

LEFT  SHIFT, 

OR  MSI 

COT                UE 

!E  MEMORT 

SHIFT 

UHCOHDITIOBAL 

SECOHD  SEXADECIMAL  DIGIT 


ROUNDOFF 


HOT 
ROUNDOFF 


ADD, 
DRUM, 
LEFT  ORDER 


SUBTRACT, 
TAPE, 
RIGHT  ORDER 


ABSo  VALUE 
OUTPUT 
HOT  STOP 


SOMBER, 

INPUT, 

STOP 


CLEAR 
ACCUMULATOR 


HOT  CLEAR 
ACCUMULATOR 


This  order  code,  which  is  considerably  Bore  simple  and  compact  than 
that  used  on  the  OHDVAC,  requires  some  circuit  design  changes,  notably  in  the 
decoding  chassis.  Preliminary  design  vork  is  now  complete  and  drawings  are 
being  prepared  for  final  drafting. 
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IV  MEMORY 

Forty-eight  memory  chassis  have  heen  built  and  tested.  The 
memory  frame  has  Itself  been  built  and  most  of  the  difficult  wiring 
on  it  has  been  finished.  Some  power  wiring  remains  to  be  done  and  some 
small  parts  still  need  to  be  added-  The  address  generator  is  currently 
being  built  o  The  address  generator  will  be  different  from  our  previous 
address  generator,  in  that  it  will  have  only  one  input  which  will  come 
from  the  center  row  of  flipflops  of  the  dispatch  counter.  The  address 
portion  of  an  order  (which  in  the  CKBVAC  entered  the  address  generator) 
will  now  be  gated  into  the  center  row  of  the  dispatch  counter.  A  switch 
will  be  provided  in  the  address  generator  so  that  the  memory  capacity 
can  be  reduced  to  512  numbers  when  this  is  desirable  for  read-around 
reasons.  A  switch  will  be  provided  in  the  high  voltage  bleeder  to  provide 
a  marginal  check  when  the  memory  is  being  adjusted  so  that  when  the  in- 
tensity is  low,  flaws  can  be  examined,  and  when  the  intensity  is  high,  the 
read-around  can  be  examined. 

Two  sample  tubes  have  been  obtained  from  the  IBM  Company.  Each  of 
these  tubes  seems  to  have  a  read-around  performance  about  the  same  as  the 
best  3KPl's  we  have  obtained  and  seems  to  be  free  of  flaws.  Two  3VPl's 
made  by  RCA,  but  otherwise  made  to  the  same  specifications  as  the  IBM 
tubes,  have  been  ordered.  Quantities  of  these  tubes  are  not  yet  available. 
The  memory  is  so  designed  that  these  tubes  could  be  used  without  any  altera- 
tion, except  adjustments  of  intensities  and  focus  and  adjustment  of  the 
raster  sice. 
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Qne-hundred  3KP1  tubes  have  "been  received  recently,  twenty-four 
of  vhich  have  been  loaned  to  Ballistic  Research  Laboratories.  The  rest 
of  these  tubes  will  be  tested  for  flaws  and  read-around  ratio  as  soon  as 
the  work  of  testing  the  aeiaory  chassis  has  been  completed. 

In  order  to  Implement  the  memory  testing  program  another  Williams 
test  rack  will  be  built.  The  control  circuits  for  this  have  been  de- 
signed but  not  built.  They  will  make  it  possible  to  test  read-around  at 
every  address  of  each  tube  under  test  automatically. 

A  5BP1  tube  will  be  mounted  on  the  computer  as  a  slave  tube  for 
the  memory.  A  ho  position  switch  will  make  it  possible  to  look  at  the 
information  on  any  one  of  the  kO  cathode  ray  tubes.  A  second  5T3F1  cathode 
ray  tube  will  be  installed  in  the  computer  to  observe  the  video  signals 
from  each  of  the  **0  chassis  through  a  second  40  position  switch.  The 
video  signals  will  be  obtained  from  a  10-ohm  resistor  in  the  cathode  of 
the  fourth  tube  of  each  video  amplifier.  These  signals  (which  will  be 
about  O0O8  volts  in  amplitude)  will  be  amplified  by  an  amplifier  in  the 
circuits  with  the  5UP1  test  tube. 
I  ggPT-OOTPOT 

Provision  is  being  made  in  the  machine  so  that  in  addition  to  the 
usual  input  and  output  orders  which  we  have  had  in  the  past  there  will 
be  available:  (1)  An  output  order  which  will  be  special  and  will  permit 
punching  all  five  holes  on  the  teletype  tape  from  the  address  portion  of 
that  special  output  order,  (2)  Input  and  output  orders  for  a  magnetic 
drum  to  and  from  R- ,  in  which  the  actual  order  will  use  forty  binary  digits 
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instead  of  the  usual  twenty,  the  last  fourteen  digits  of  vhlch  will 
specify  the  address  on  the  magnetic  drum* 
VI  ARITHMETIC  DHIT 

The  end  connections  on  the  new  machine  have  been  made  to  agree 
with  Drawing  396  which  provides  for  the  new  left  shift  order.  The 
machine  was  tested  to  see  that  these  changes  worked  satisfactorily. 

A  chassis  was  installed  to  make  it  possible  to  test  the  orders 
by  order  pairs  and  every  order  in  the  machine  has  been  tested  by  order 
pairs  and  has  been  tested  from  both  left  and  right-hand  order  positions. 
VH  CQBSTKUCTIOB  WORK 

1.  Forty-eight  memory  chassis  have  been  wired  to  date. 

2.  Address  generator  has  been  assembled  and  partly  wired. 

3«  A  write  and  counter  control  circuit,  and  a  manual  address 

circuit  have  been  assembled  for  testing  the  new  *K)  digit 

memory. 
h.    The  memory  frame  has  been  completed  and  about  two- thirds 

wired. 
5.  The  electrical  connections  to  the  arithmetic  unit  have 

been  removed  preparatory  to  moving  the  computer  for  the 

ventilation  duct  work. 
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TECHNICAL  PRCQEBSS  REPORT 

I  ORPVAC  MAHUAL 

During  the  last  month  a  number  of  corrections  have  been 
made  to  the  OKDVAC  manual.  It  is  now  ready  for  printing.  At  the 
present  time  we  are  waiting  for  suitable  quotations  so  that  an  order 
can  be  placed  for  100  copies  for  the  Ballistic  Research  Laboratories 
and  perhaps  500  copies  for  the  University.  We  expect  to  have  the  manual 
produced  in  two  editions.  One  of  these  editions  will  be  a  single  volume 
edition  containing  all  of  the  material;  the  second  edition  will  be  a 
two  volume  edition  in  which  the  circuit  diagrams  will  be  sectioned 
off  as  the  second  volume  of  the  two  volume  set.  The  two  volume  edition 
makes  it  possible  to  use  the  text  by  itself  or  the  circuit  drawing 
section  by  itself  and  also  makes  it  possible  to  refer  to  one  of  the 
circuit  drawings  while  the  text  is  being  studied. 

II  THE  USE  OF  THE  QRDVAC 

David  Clutterham  is  still  at  Aberdeen  and  has  succeeded  in 
getting  the  shock-wave  code  to  run  in  part.  The  machine  is  being  used 
by  Clutterham  for  University  problems  for  30  to  ^0  hours  per  week 
between  5:00  PM  and  Midnight  each  day.  Besides  the  shock-wave  problem, 
he  has  placed  on  the  machine  programs  for  the  Civil  Engineering  group, 
for  the  Psychology  group,  and  the  codes  which  are  being  worked  on  by 
members  of  our  own  coding  group. 

A  Teletype  machine  has  been  installed  here  which  can  be  used 
to  transmit  codes  to  Aberdeen  by  means  of  the  TWX  system.  As  a  test, 
the  Decimal  Order  Input  Routine  was  sent  twice  on  May  16th.  After  the 
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tranemisslon  we  asked  the  group  at  Aberdeen  to  return  the  code  and 
both  transmissions  agreed  exactly  with  our  master  tape.  On  Hay  17th 
a  new  code  for  simultaneous  equations  was  sent  unsuccessfully  the 
first  time  because  of  some  switching  difficulty  at  the  Aberdeen  end. 
The  improved  version  of  the  eigenvalue  code  was  then  sent  and  re- 
turned and  showed  no  error  when  checked,  and  subsequently  the  simul- 
taneous equation  routine  was  sent  and  returned  for  a  check.  On  both 
checks  the  agreement  was  exact.  We  then  received  the  results  of 
Carlson's  109  and  110  problems  by  means  of  the  Teletype  system,  although 
Clutterham  had  to  cut  the  tapes  by  hand  at  Aberdeen  because  a  re- 
perforator was  not  connected  to  the  GRWAC.  The  Teletype  system  seems 
to  be  very  successful  for  the  transmission  of  these  codes. 

in  copmG  asp  m<mmsm 

The  code  for  the  Illinois  machine  has  been  written  up  in 
a  formal  way  and  distributed. 

An  internal  report  on  the  calculation  of  eigenvalues  and 
eigenvectors  for  a  symmetric  matrix  has  been  written  by  Gregory  and 
Wheeler  and  has  been  distributed  to  a  limited  number  of  people.  This 
report  is  quite  complete,  describing  in  detail  not  only  the  method  used, 
but  giving  the  necessary  tape  makeups  with  instructions  on  how  to  use 
the  h  subroutines  required.  These  subroutines,  the  decimal  order  input, 
the  decimal  number  input,  a  square  root,  and  a  decimal  print  have  also 
been  duplicated  and  can  be  distributed  to  anyone  interested. 

Gregory  has  written  an  improved  version  of  the  eigenvalue 
code  which  is  now  complete  except  for  the  final  checking  of  errors. 
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The  code  is  now  completely  automatic.  It  contains  an  overall  test 
on  the  accuracy  of  the  computation  -which  is  made  at  the  end  of  each 
iteration,  and  it  contains  a  convergence  test.  It  prints  a  number 
indicating  the  number  of  iterations  required  for  convergence.  At 
present  the  tape  seems  to  run  through  the  (HDTAC  properly  and  prints 
automatically,  but  the  results  do  not  appear  to  be  correct* 

Beet  has  continued  his  work  on  the  preparation  of  test 
routines  for  the  university  machine.  The  read  around  test  is  now 
complete,  and  some  minor  alterations  have  been  made  in  the  decimal 
order  input.  Be  is  now  marking  on  the  Chebychev  expansion  for 
In  (3#x) .  The  routine  which  he  is  writing  will  evaluate  (in  y)/32 
for  y  in  the  range  between  0  and  1. 

King  has  finished  the  arctangent  subroutine  for  both  machines 
and  has  written  a  code  checking  routine  for  testing  it  on  the  QHWAC 
Be  is  now  working  on  a  post-mortem  routine  for  the  university  machine. 

Tross  has  written  a  code  for  finding  the  real  zeros  of  a 
polynomial,  using  the  device  of  f  indi^xg  them  one  at  a  time  and  reducing 
the  order  of  the  polynomial  after  each  root  has  been  found. 

The  memory  for  the  Illinois  machine  has  been  assembled  and  is 
now  ready  to  be  turned  on.  At  the  present  time  the  only  work  that 
remains  consists  in  fitting  the  shields  to  the  chassis  so  that  they  are 

interchangeable  from  one  plug  position  to  the  next.  The  test  scopes 
consisting  of  a  five  inch  slave  tube  and  a  five  inch  oscilloscope  for 
examining  the  video  signals  from  each  of  the  chassis  are  mounted  on  a 
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relay  rack  adjacent  to  the  memory  rack.  In  the  final  machine  these 
teat  oscilloscopes  will  be  mounted  In  the  arithmetic  unit  belov  the 
memory. 

In  the  last  two  months  about  132  commercial  3&P1  tubea 
hare  been  tested  for  possible  use  in  the  memory.  The  procedure  con- 
sisted in  testing  the  tubes  first  for  flaws  and  then  for  read  around 
ratio.  In  the  flaw  test  a  full  raster  ( 102*1 )  of  dashes  was  stored  and 
the  raster  was  then  slowly  moved  both  up  and  down  and  left  and  right 
until  every  point  of  the  surface  of  a  tube  was  required  to  store  a 
dash.   The  number  of  spots  which  would  not  store  a  dash  was  noted  and 
recorded  on  a  tag  attached  to  the  tube.   If  the  number  of  spots  which 
would  not  store  a  dash  (flaws)  was  greater  than  five  no  further  test 
was  made  of  the  tube.  If  the  number  of  flaws  was  equal  to  or  less  than 
five  a  read  around  test  was  performed  at  four  test  addresses  as  follows: 
256,  280,  H95  and  1023.   The  number  of  tubes  now  available  with  one 
or  zero  flaws  and  with  a  read  around  of  more  than  fifty  at  the  four 
addresses  is  53* 

Circuits  are  designed  and  will  be  built  so  that  this  tube 
test  set-up  can  test  the  read  around  at  every  address  successively. 
These  circuits  are  not  yet  built. 

Two  more  experimental  tubes  have  been  received  from  the 
IBM  Company,  one  of  which  has  the  P5  phosphor  which  is  believed  to 
provide  a  somewhat  larger  output  signal.  A  report  will  be  written 
on  the  four  IBM  tubes  which  we  have  received. 

1  MfcgMETIC  DRUM  MEMORY 

Test  circuits  have  been  connected  up  for  use  with  the 
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magnetic  drumo  Three  channels  are  currently  in  operation  using 
signals  of  the  return-to-zero  type  of  recording.  One  channel  has  a 
single  index  Barker,  the  second  channel  has  1600  address  markers,  and 
the  third  channel  is  being  used  for  test  recording  purposes.   Since  ve 
are  intending  to  use  the  drum  with  a  greater  pulse  density  than  that 
used  soae  time  ago  on  the  one  inch  test  drum,  these  experiments  are 
being  carried  out. 
VI  ARITHMETIC  UNIT 

Holes  have  been  cut  in  the  floor  so  that  the  cooling  system 
can  be  added  at  a  later  time  without  disturbing  the  arithmetic  unit. 
The  arithmetic  unit  is  now  in  place  in  its  final  position  and  will  be 
connected  up  very  soon. 


REM/nrh 


UNIVERSITY  OF  ILLINOIS 
UNIVERSIT?  RESEARCH  BOARD 
ELECTRONIC  DIGITAL  COMPUTER 


TECHNICAL  PROGRESS  REPORT 


June  15,  1952  -  July  15,  1952 


I  ORDVAC  I4AHQAL 

Copies  of  the  ORDVAC  Manuals  vere  received  from  the  printer 
on  July  3s   1952.  One -hundred  copies  have  since  "been  sent  to  Ballistic 
Research  Laboratories,  one-hundred  copies  have  "been  sent  to  L0  N. 
Ridenour  and  about  fifty  copies  have  been  distributed  to  members  of 
the  university  and  to  other  institutions  which  we  thought  would  be 
interested  in  the  description  of  the  ORDVAC  „ 

II  USE  OF  ORDVAC 

The  ORDVAC  has  been  used  to  check  the  corrections  of: 
the  integration  routine,  arctangent  routine,  code  checker  routine, 
solve  a  set  of  25  simultaneous  equations  using  routine  2k-,   and  to 
check  the  eigenvalue  routine  with  convergence. 

The  machine  has  also  been  used  to  find  the  eigenvalues  and 
eigenvectors  for  two  30  x  30  and  two  25  x  25  matrices  for  the  Psychology 
Department . 

III  C0DESG  AID  FRCGRAMMBia 


In  the  past  month  several  new  programs  feave  been  added  to 
the  subroutine  library.  These  are; 

28.  Decimal  order  print  (Illinois) 

29.  Integration  routine  for  definite 

Integrals  ( ORDVAC ) 

30.  Arctan  x  (ORDVAC) 

31.  Arctan  x  (Illinois) 
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32 .  Post  mortem  checking  routine 

33 •  Arctan  code  checker 

3^.  Complex  numbers 

35 o  Sequence  checker 

36.  Leapfrog 


(Illinois) 

(CKDVAC) 

(Illinois) 

(Illinois) 

(Illinois) 


An  eigenvalue  and  eigenvector  matrix  program  has  been 
written  for  the  Illinois  machine  and  is  being  prepared  for  duplication. 
A  floating  point  double  precision  routine  and  a  routine  for  solving 
Laplace f  s  equations  are  "being  coded*  A  program  which  will  enable 
the  GRDVAC  to  check  codes  written  for  the  Illinois  machine  has  been 
prepared  and  is  now  at  Aberdeen  awaiting  test,  The  following  other 
codes  are  also  now  at  Aberdeen: 

a)  Double  precision  arithmetic 

b).  Integration  check  code 

c)  Theoretical  computation 

d )  Test  computation 

e)  Heat  flow 

f )  Random  walk 

g)  Complex  numbers  check 
h)  Eigenvalue  and  vectors 


(E.  E.  Department) 
(Control  Systems  Laboratory) 
(M.  E»  Department) 
(Chemistry  Department) 

(Psychology  Department) 


Members  of  the  M,  E.  Department,  the  Physics  Department,  the 
Civil  Engineering  Department  and  the  Psychology  Department  are  now 
preparing  problems  for  the  OKDVAC. 
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IV  MEMOBX 

Early  in  the  month  basic  tests  on  the  memory  had  "been 
finished  and  an  attempt  was  made  to  obtain  long  error- free  runs. 
In  the  very  early  part  of  the  month  the  memory  operated  on  one 
occasion  twenty- three  hours  and  thirty  Eiinutes  without  an  error  and 
since  that  time  it  has  operated  several  times  for  intervals  of  four- 
teen hours  without  error.  However,  the  memory  is  not  yet  operating 
sufficiently  well  to  justify  moving  it  to  the  computer  room. 

On  a  number  of  occasions  failures  have  been  noted  during 
the  month  and  the  causes  of  some  of  these  failures  have  been  eliminated. 
Three  badly  soldered  joints  called  "rosin  joints"  have  been  found, 
a  filament  burned  out  in  the  high  voltage  power  supply,  and  a  failure 
was  found  and  corrected  in  a  joint  in  the  high  voltage  cable.  Al- 
though these  troubles  were  undoubtedly  responsible  for  errors,  some 
errors  persisted  after  they  were  corrected.  It  has  been  determined 
that  the  auxiliary  test  rack  containing  the  slave  tubes  has  not  been 
adequately  grounded  and  shielded.  This  is  the  trouble  which  has  been 
most  recently  corrected  and  additional  long  runs  will  now  be  attempted. 

V  IKPUT- OUTPUT 

During  the  month  certain  input- output  circuits  have  been 
installed  in  the  main  computer  rack  or  in  association  with  it. 
These  includes 

1)  Photoelectric  tape  reader  control,  drawing  $k3k 

2)  Input-output  shift  control,  drawing  #^09 
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3)  Photoelectric  tape  reader  output  chassis,  drawing  #'*32 
k)     Highspeed  punch  chassis,  drawing  $^35 

The  photoelectric  tape  reader  made  by  the  Ferranti  Company 
has  been  made  to  operate  -with  the  aid  of  the  circuits  listed  above 
and  has  successfully  put  information  into  RI,  reading  either  one 
sexadecimal  digit  per  word  or  as  many  as  ten  sexadecimal  digits  per 
word.  It  has  been  operated  including  starting  and  stoping  for  periods 
of  several  hours  after  it  was  made  to  work  satisfactorily.  When  run- 
ning full  speed  the  tspe  is  in  position  for  reading  approximately 
three  milliseconds  and  is  between  reading  positions  approximately 
one  mlllisecondo  We  ere  currently  operating  the  tape  reader  so  that 
the  brake  is  applied  to  the  tape  as  soon  as  the  last  sexadecimal 
digit  leaves  the  reading  position  (i.e.,  the  brake  is  applied  as  soon 
as  the  sprocket  hole  becomes  dark  after  reading  the  last  sexadecimal 
digit  required  by  the  control  of  the  machine).  It  is  clear  that  with 
this  arrangement  a  computation  time  of  as  much  as  three  milliseconds 
is  available  without  reducing  the  speed  with  which  the  tape  is  handled 
by  the  tape  reader.  The  Ferranti  tape  reader  has  had  its  circuits 
altered  and.  now  contains  U«  S.  phototubes  (5583)  and  U.  S.  eathode 
follower  tubes  (6AK5).  She  "fcape  reader  operates  at  a  speed  of  about 
2^0  characters  per  second. 

Of  the  circuits  listed  above  the  high-speed  punch  output 
circuit  has  not  been  tested.  It  is  expected  that  this  circuit  will 
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be  tested  with  the  high- speed  puneh  in  the  near  future .  The  other 
three  circuits  have  "been  tested  and  are  believed  to  be  satisfactory. 

VI  ARITHMETIC  UNIT 

The  arithmetic  unit  was  tested  on  June  19th  as  follows: 

8:15  E&  *o  10:20  PM  Pattern  "D"  ran  error-free 

10:35  PM  to  11:25  Hi  Order  Pair  "Clear  Multiply" 

and  "Divide"  for  two  random 
members.  No  change  in  numbers. 

11:27  R*  to  11:^2  PM  Order  pair  "Right  shift  K" 

and  "Left  shift  K".  With  all 
lTs  in  R^  and  Rg.  No  error. 

11:1(2  PM  to  11:55  £M  Same  order  pair  with  all  0rs 

in  R^  and  Rg.  No  error. 

On  July  7  the  position  of  the  end  connection  tubes  J15>  16, 
17,  18,  19  and  20  were  altered.  A  brief  test  was  made  after  this 
change  to  Bee  that  it  would  not  affect  the  operation  of  the  arithmetic 
unit. 

It  has  not  been  possible  to  run  the  arithmetic  unit  more 
than  an  hour  or  so  at  a  time  because  of  the  hot  weather  and  the  fact 
that  no  cooling  equipment  of  any  type  is  now  connected  to  it.  The 
arithmetic  unit  operated  a  total  of  fourteen  hours  during  the  month. 
No  tube  failures  occurred. 

VTI  CQBfROL 

All  the  control  circuits  for  the  machine  have  been  finished 
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and  checked  for  wiring  errors.  The  dispatch  counter,  the  memory 
control,  the  memory  sjTaehronization  chassis,  and  the  register 
selection  chassis  are  -waiting  to  he  installed  in  the  machine, 

viii   camzKQCTiaB  work 

During  the  month  the  construction  work  has  consisted  mainly 
ofs 

1)  Completion  of  the  construction  of  the  several 
control  chassis  and  input-output  chassis, 

2)  Construction  of  the  frame  work  for  the  covers 
for  the  machine, 

3)  Partial  construction  of  a  new  high  voltage 
power  supply  for  the  memory, 

h)    Tests  of  tubes. 


BEM/urh 


tmVERSm  OF  XLLXM8 

tJOTERSIT*  RESEARCH  BOARD 

ELECTRONIC  DIGITAL  CO^HJIEER 


TECHNICAL  FR03EES8  REPORT 


July  15,  1952  -  August  15,  1952 


I  USE  _QF  QRpVAC 

During  the  past  month  the  following  stsf  f  members  from  the 

University  have  been  at  Aberdeen: 

Brooks,  John 

Civil  Engr.  Department 

Arrived  August  1  -  Heturned  August  13 

Sillies,  D.  B. 
Computer  Department 
Arrived  August  1 

Heuhaus,  Jack  0, 

Psychology  Department 

Arrived  July  15  -  Returned  August  1 

The  f^TDVAC  has  been  used  for  the  solution  of  a  heat  flow 
problem,  a  problem  In  structures  and  for  control  (CSL)  calculations. 
It  has  also  been  used  to  check  codes  written  for  the  Illinois  machine 
by  use  of  an  interpretive  program  which  will  execute  orders  in  the 
way  the  Illinois  machine  will  carry  them  out.  The  double  precision 
arithmetic  routine  has  been  checked  on  the  C2RDVAC  and  is  now  being 
prepared  for  duplication. 

Because  of  machine  difficulties  and  an  increased  work  load 
put  on  the  machine  by  the  3RL  staff  the  amount  of  available  time  has 
been  much  diminished.  Use  of  the  Teletype  connection  between  Aberdeen 
and  the  Computer  Laboratory  has  materially  aided  in  the  running  of 
programs.  Errors  have  been  very  few  in  number  and  codes  are  nov 
handled  smoothly  at  both  ends,. 

II  copim  asp  monwrnim 

Several  new  programs  have  been  added  to  the  library  in  the  past 


month.  These  are  listed  "bei 


37  o  Print  one  number  in  a  parameter -set  layout 

38.  Address  search  routine 

39 •  Full  printing  checking  routine 

kOa     Integration  of  f(x)  given  at  equal 
increments  of  x 

kl.     Second  supplement  to  Code  17 
(for  printing  eigenvectors) 

k"$0    Natural  Logarithm 

kko     Read-around  Test 


(ILLINOIS) 
(ILLINOIS) 
( ILLINOIS) 

(ILLINOIS) 

(OKDVAC) 

(ILLINOIS) 

(ILLINOIS) 


The  Computer  Laboratory  ia  now  giving  advice  to  members  of  the 
Physics  Department  and  the  Business  Organization  and  Operation  Department 
in  the  solution  of  an  eigenvalue  differential  equations  system  and  in  the 
evaluation  of  marketing  data  respectively* 

One  program  for  solving  Laplace's  equation  has  been  written  and  is 
being  checked.  A  program  for  fitting  a  least  squares  line  is  also 
ready  to  be  checked, 
III  COURSES  OFFERED 

Two  courses  will  be  offered  for  the  Fall  semester  as  follows? 

Math  385  -  Theory  of  High-Speed  Computing  Machines 
9:00  AM,  Monday,  Wednesday  and  Friday 
Dr«  David  J.  Wheeler 

Math  or  E,  E.  38^  -  Logical  Design  of  Automatic  Digital 
Computer  Circuits  -  10? 00  AM,  Monday,  Wednesday  and  Friday 
Dr.  J.  E0  Robertson 
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At  the  beginning  of  the  month  two  troublesome  difficulties  vhich 
had  prohibited  previous  long  memory  runs  vers  eliminated.  These  were: 

1,  The  grounding  and  shielding  of  the  temporary  oscilloscope 
rack  was  Inadequate,  and 

2.  The  high-voltage  supply  had  occasional  break-downs  which 
caused  dots  to  change  to  dashes  in  the  outer  areas  of  the 
memory  pattern.. 

The  memory  was  finally  operated  from  12  s  3^  AM,  August  1st  to 
8:00  AM,  August  2nd  with  one  error  due  to  a  flaw  and  no  other  errors 
and  then  from  1:00  H4,  August  2nd  to  8:00  AM,  August  Hh  with  no  errors 
at  which  time  the  memory  was  voluntarily  turned  off „  Our  present  group 
of  kO  cathode  ray  tubes  used  during  these  tests  contain  20  tubes  with  one 
or  more  flaws  as  checked  August  40 

The  memory  was  subsequently  moved  from  the  test  room,  mounted  on 
top  of  the  arithmetic  unit  and  since  that  time  the  main  work  of  the 
group  has  consisted  In  connecting  it  to  the  arithmetic  unit0   Testing  of 
the  memory  circuits  has  been  started  and  so  far  it  hf>s  been  ahown  that 
one  test  position  can  store  dots  or  dashes c  Long  runs  on  the  memory  will 
require  that  the  air-conditioning  unit  be  finished,  and  the  date  when  this 
will  be  so  is  not  known., 

We  are  trying  to  obtain  additional  information  on  the  availability 
of  Improved  cathode  ray  tubes. 
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The  punch  vhlch  operates  at  a  speed  of  25  characters  per 
second  has  "been  placed  into  operation  with  its  circuits  which  are 
shown  on  Drawing  435  „  This  has  operated  satisfactorily  for  brief 
periods  of  tiiae,  but  no  long  runs  have  as  yet  been  carried  out. 
H  ARITHMETIC  UBIT  AHD  C_CajjTROL 

The  following  control  circuits  have  been  installed  with  the 

arithmetic  unit: 

Dispatch  Counter Drawing  274 

Mesiory  Control Drawing  428 

Memory  Synchronization  Control  ......  Drawing  429 

Eegister  Selection  Chassis  • Drawing  427 

The  carry  propagate  aad  carry  collapse  tiiaes  had  been  un- 
balanced in  the  adder  aad  these  have  been  measured  and  corrected* 
The  #104  volt  bus  in  the  adder  is  now  connected  to  a  point  on  the 
bleeder  labeled  102  volts  Vat  which  Measures  100  volts.  With  this 
connection  the  carry  propagate  tiise  was  measured  as  9»2  microseconds 
and  the  carry  collapse  time  has  9*4  microseconds.  The  present  setting 
of  the  carry  delay  multivibrator  is  9.2  microseconds.  Certain  RP 
oscillations  were  removed  from  several  of  the  buses  in  the  arithmetic 
unit,  by  the  addition  of  0.01  mfd  condensers. 

Operation  times  in  the  machine  were  measured  as  follows 

Addition  -  39-5  +  3  microseconds 

Add  and  operate  -  49.5  7  3  microseconds 

Divide  and  operate  -  1000  *  3°  microseconds 
Multiply  and  operate  - 

with  all  O's  in  the  multiplier  610  +  20  microseconds 

with  all  l's  in  the  multiplier  lOlO"*  30  microseconds 
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There  were  four  tube  failures  during  the  month,  two  of  which 
were  in  the  +100  volt  power  supply.  The  arithmetic  unit  was  operated 
a  total  of  Vf  hours,  a  large  fraction  of  which  consisted  in  carrying 
out  addition  test  problems  and  multiplication  pattern  D.  After  the 
carry  propagate  and  collapse  times  were  checked  there  were  no  errors 
on  either  the  addition  tests  or  pattern  D  except  on  one  occasion  when 
pattern  D  failed.  Ho  explanation  is  available  for  that  one  failure „ 
It  will  he  checked  again. 
711  CONSTRUCTION 

A  set  of  temporary  covers  for  the  computer  has  heen  finished 
and  the  memory  has  heen  installed  and  connected  into  the  arithmetic 
unit. 


R.  E.  Meagher 


REM/cmb 


DIGITAL  COMPUTER 


TO:    Executive  Committee,  Computer  Subcommittee, 
Graduate  College 

FROM:   R.  E.  Meagher 

DATE:   September  2k,   1952 


Since  our  own  computer  is  now  in  an  operating  condition 
we  have  stopped  sending  problems  to  Aberdeen  to  be  put  on  the 
ORDVAC*  The  last  problem  for  the  OKDYAC  vas  sent  on  August  28th 
and  results  for  this  were  returned  on  September  5th»  The  T#X 
unit  -was  disconnected  on  September  9th.  BRL  says  that  ve  have 
used  the  GRDYAC  600  hours  since  its  installation  there. 

Intended  mainly  for  use  during  the  night  hours  a  telephone 
has  been  installed  in  the  computer  room.  The  number  of  this  phone 
is  3278c 

Mr.  Theodore  Shapin,  Mr.  E.  L.  Eughe3  and  Br*  D.  J.  Wheeler 
attended  a  meeting  of  the  Association  for  Computing  Machinery  at 
the  University  of  Toronto,  September  8-9« 

The  cooling  system  for  the  computer  was  first  turned  on 
on  August  21st.  It  has  operated  very  satisfactorily  since  that 
time.  A  thermometer  Installed  in  the  exhaust  air  duct  indicates 
that  the  temperature  of  the  computer  is  kept  relatively  constant,, 


This  should  aid  somewhat  In  reducing  the  adjustments  of  the  memory. 

For  the  work  of  the  group  I  believe  that  it  will  he  necessary 
to  purchase  two  additional  large  power  supplies  from  the  Power 
Equipment  Company  aiaoimtlng  to  ©bout  $7*500  and  additional  Teletype 
equipment  which  may  amount  to  about  |3^3°0«  I  am  taking  steps  now 
to  obtain  the  necessary  quotations  for  these. 

low  that  our  own  computing  machine  has  been  placed  into 
operation  I  he  Here  that  it  will  he  possible  to  turn  the  attention 
of  some  fraction  of  the  group  to  problems  of  a  research  nature  as 
contrasted  to  the  constructional  problems  of  the  past.  Some  develop- 
mental work  and  a  considerable  amount  of  construction  work  will, 
however,  be  necessary  on  the  magnetic  drum.  It  will  be  desirable  to 
transfer  the  salaries  of  Mr.  Wler  and  probably  Mr.  Liu  to  the  0E8 
Task  2k  contract. 

During  the  month  we  have  had  as  visitors:  Br*  L.  H.  Ridenour, 
Mr.  Erie  Mutch  of  the  University  of  Cambridge,  Mr.  Qleins  Unger, 
Institute  of  Technology,  Darmstadt,  Mr.  Alfred  Kuhlenkamp  of  Germany 
and  Dr.  W.  S.  Elliot  and  Mr,  H.  Q,   Carpenter  of  Elliott  Brothers. 

The  personnel  list  of  the  group  is  as  follows: 

Brown,  Caroline,  Teletype  Operator 

Butler,  William,  Jr.  Elec.  Tech. 

Clutterham,  D.  R.  Grad.  Res.  Asst. 

Cobb,  Bessie,  Grad.  Res.  Asst.  (l/2  time) 

Gibson,  Margaret,  Draftsman  (Starting  9/22/52) 

Gregory,  R.  T.,  Grad.  Res.  Asst.  (l/2  time) 

House,  Natalie  R.,  Clerk-Steno  III 

Huffman,  William,  Computer  Operator 

Hughes,  E.  L„,  Res.  Assoc. 

Jones,  Walter  E.,  Model  Maker 


Kialapaca,  B.  P.,  Student.  Asst. 

KerJtering,  T.  E.,  Jr.  Lab.  Mech. 

King,   Richard.?  Grad.  Res,  Asst.  (l/2  time) 

jRudlich,  R.  A.,  Grad.  Res.  Asst.  (l/2  time) 

Leichner,  0.  H.„  Grad.  Res.-  Asst,  (l/2  tine) 

Liu,  R.  C,  Asst.  Lah.  Msch. 

Lopeman,  E.  E.,  8r.  Elec.  Tech. 

Meagher,  R«  E.,  Chief  Engineer 

Michael,  0.  W.,  Adssln.  Asst* 

Mailer,  David,  Univ.  Fellow 

Hash,  J.  P.,  Res.  Prof,  of  Applied  Math 

Robertson,  J.  $.,  Res.  Asst.  Prof,  of  E.  E. 

Russell,  Rassona,  Computer  Operator 

Shapia,  !£heodore,  Res,  Assoc. 

Taufo,  A.  H.,  Res.  Prof,  of  Applied  Math 

Wier,  J.  K.,  Res.  Assoc. 

Wheeler,  D.  JT.,  Visit  log  Asst.  Prof,  of  Math 

A  financial  statement  prepared  by  Hr«  Michael  is  attached, 
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UOTVERSIT3T  OF  ILLINOIS 
GRADUATE  COLLEGE 
DIGITAL  COMPUTER 


HECKBICAL  PROCESS  REPORT 


August  15,  1952  -  September  15,  1952 


I  CODING  AND  PR05RAKMI1KS 

The  completion  of  the  Illinois  machine  has  permitted  the 
checking  of  the  Illinois  read-around  and  "leapfrog"  test  routines, 
and  a  systematic  check  of  the  library  routines  has  been  begun. 

The  eigenvalue  code  (Bo.  ^2)  has  been  tested  and  put  into 
the  library.  A  second  such  program  which  finds  eigenvalues  of  a 
symmetric  matrix  by  selecting  the  largest  off -diagonal  element  rather 
than  by  choosing  elements  in  sequence  has  been  machine  checked. 

A  complex  numbers  program  was  machine  tested  on  both  the 
CRDVAC  and  the  Illinois  machine. 

Clutterham  has  been  assisting  Lee  of  the  Physics  Department 
in  the  solution  of  a  set  of  Schroedinger  equations  by  a  relaxation 
method.  The  solution  involves  four  parts:  (l)  computation  of  trial 
functions,  (2)  computation  of  the  energy,  (3)  relaxation  of  the  net, 
and  (k)   computation  and  printing  of  moments.  Thus  far  (l),  (2)  and 
(k)   have  been  checked  out. 

Other  codes  will  be  checked  out  on  the  Illinois  machine  and  a 
list  of  those  finished  will  be  given  in  the  next  report. 

II  TT.T.TTTOIS  CCMPUTIBQ  MACHIHE 

After  a  considerable  period  to  complete  the  connections  between 
the  memory  and  the  arithmetic  unit  the  memory  stored  statically  from 
8:15  AM  August  26  to  12:15  AM  August  27.  This  was  considered  to  be 
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reasonable  evidence  that  the  memory  did  not  have  a  large  source 
of  static  errors  and  the  connections  of  the  memory  interplay  control 
were  then  completed.   The  machine  first  operated  as  a  unit  on 
August  28  and  the  succeeding  three  days  were  spent  in  eliminating 
some  final  errors  in  the  read- around  routine  and  the  leapfrog 
routine.  On  Sunday,  August  31  the  machine  computed  the  base  of  the 
natural  logarithm  to  2270  decimal  placee  according  to  a  code  written 
by  Gillies.  A  spot  check  of  e  indicated  an  agreement  with  previous 
results  obtained  from  the  EHIAC.  On  September  1  e  was  calculated 
to  4880  decimal  places. 

The  machine  operated  the  leapfrog  routine  from  8:50  FM 
September  10  to  5:01  ISM  September  11  and  again  from  11:20  AM 
September  12  until  7:56  PM  September  12.  The  routine  was  stopped 
voluntarily  after  each  run.  Typical  performance  for  the  read-around 
ratio  at  102^  and  512  digit  rasters  can  be  seen  in  the  following 
table  (the  number  of  failures  listed  is  the  sum  of  separate  failures 
after  four  tests): 
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At  the  present  time  the  input  for  the  machine  can  he  ob- 
tained from  a  photoelectric  tape  reader  or  from  the  Control  Systems 
Laboratory,  and  output  from  the  machine  can  be  obtained  from  the 
high  speed  punch,  or  from  a  "teletype  page  printer  (at  standard  speed). 

The  largest  source  of  errors  in  operating  the  machine  so 
far  has  been  due  to  flaws  on  the  cathode  ray  tubes.  At  the  present 
time  about  twenty  of  the  cathode  ray  tubes  are  believed  to  be  free 
of  flaws  but  another  twenty  cathode  ray  tubes  have  a  total  of  about 
thirty  flaws.  At  the  present  time  an  adjustment  is  made  of  the 
raster  position  on  all  tubes  in  an  effort  to  dodge  as  many  of  the 
flaws  as  possible.  The  remaining  flaws  are  eliminated  by  placing 
small  magnets  near  one  or  two  cathode  ray  tubes.  It  has  been 
necessary  to  change  these  adjustments  on  a  number  of  occasions  in- 
dicating that  we  may  have  some  drift  in  the  voltages  being  applied 
to  the  deflection  plates  of  the  cathode  ray  tubes.  This  will  be 
examined  in  the  near  future. 

Additional  work  which  needs  to  be  done  on  the  machine  of  an 
engineering  nature  is  (l)  make  a  final  set  of  measurements  of  the 
operation  times  within  the  machine,  (2)  make  a  cover  for  the  high 
speed  punch  to  reduce  noise,  (3)  lace  the  wires  In  the  memory  inter- 
play control,  (h)   investigate  the  tolerances  of  the  A  and  B  voltages 
from  the  punch,  (5)  ascertain  the  reason  for  the  drift  in  voltages 
of  the  4-100  volt  power  supply  and  (5)  install  a  final  set  of  covers. 
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For  the  very  near  future  It  is  anticipated  that  the  machine 
will  he  on  between  8:00  AM  and  midnight,  Mondays  through  Fridays. 
Generally,  the  periods  between  8:00  AM  and  12  noon  will  be  used 
for  adjustments  and  engineering  work  outlined  in  the  preceding 
paragraph,  the  period  between  1:00  and  2:00  will  be  used  for  the 
checking  or  running  of  short  routines,  and  the  rest  of  the  time 
will  be  available  insofar  as  possible  for  useful  problems. 

The  machine  has  been  operated  approximately  ^10  hours  to 
date  and  25  tubes  have  failed  during  this  period  of  time. 


R.  E.  Meagbler 
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DIGITAL  COMPUTER 


TO:     Executive  Committee,  Computer  Subcommittee  and  Graduate 
College 

FROM:    R.  E.  Meagher 

DATE:    October  29?  1952 


During  the  last  month  a  rather  appreciable  fraction  of  the 
group's  effort  has  been  placed  upon  the  general  problem  of  getting  the 
machine  running  well  and  on  a  regular  schedule.  The  machine  is  now  on 
a  regular  schedule  allowing  Its  use  from  noon  until  midnight,  Mondays 
through  Fridays.  Some  measurements  and  alterations  will,  of  course, 
be  desirable  from  time  to  time  and  the  most  important  of  these  are: 
(l),  the  Installation  of  a  final  set  of  covers  and,  (2),  the  speedup 
of  addition  by  eliminating  the  left  shift  In  the  addition  process.  The 
feasibility  of  installing  the  new  covers  Is  under  debate. 

Mr.  E.  L.  Hughes  will  resign  effective  December  1,  1952. 
Mr.  Kalapaca,  a  student  assistant,  Is  no  longer  working  with  us.  The 
personnel  list,  except  for  these  comments,  remains  the  same  as  the  one 
presented  in  the  September  15th  report. 

An  effort  has  been  made  to  close  out  the  Graduate  Trust- Indirect 
Cost-Computer-Meagher  account.  This  has  been  approaching  the  figure  of 
$105,000,but  this  is  $5*000  more  than  was  actually  put  into  this  account 


by  the  Research  Board.  The  discrepancy  Is  due  to  a  misunderstanding 
which  dates  hack  some  time  ago.  The  financial  statement  prepared  by 
Mr.  Michael  is  attached * 
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UHIVERSXT*  OF  ILLXHOIS 
CffiADUATE  COLLEGE 
DIGITAL  COMPUTER 


TECHNICAL  PROGRESS  REPORT 


September  15,  1952  -  October  15,  1952 
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I  MATH  GROUP  ACTIVITY  (This  is  supported  in  part  by  OHR  Task  30 ). 

A  number  of  new  programs  have  been  added  to  the  library  and 
a  systematic  check  of  library  codes  has  been  carried  out.  The  machine 
tested  library  codes  for  the  Illinois  machine  are  now  as  follows: 

TABLE  I 

CODS  LUMBERS 

18  Decimal  Order  Input 

21  Square  Root 

23  Decimal  Number  Sequence  Input 

25  Single  Column  Print 

27  System  of  First  Order  Differential 

Equations 

28  Decimal  Order  Print 
31                   Arctangent 

35  Sequence  Checking 

36  Leapfrog 

37  One  Number  Parameter  Layout 

Print 

38  Address  Search 

39  Full  Printing  Check  Routine 
5o  Integrate  f  (x)  at  Equal  x 

Increments 
k2  Eigenvalues  and  Eigenvectors 


1*2 
teA 

k2B 


.1  ) 
B  ) 


Modifications  in  printing, 

iterating  and  testing  for  convergence 


h$  Natural  Logarithm 

hh  Read-Around 

hf  Simultaneous  Linear  Equations 

U8  Post  Mortem 

h$  Staggered  Raster  Read-Around 

50  Complex  Arithmetic 

51  Automatic  Linear  Equations 

52  Print  One  Decimal  with  or  without 

sign 

53  Print  one  Integer  with  or  without 

sign 

5^  Tape  Lettering 

55  Same  as  53  but  suppress  zeros 

on  the  left 
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There  are  still  some  library  codes  which  have  not  been  machine 
checkedo  One  of  these  (No*  k6)   is  a  floating  decimal  routine  previously- 
listed  as  checked.  Another  is  a  double  precision  routine  (No,  45). 
These  codes  are  important  ones  and  will  be  checked  at  once. 

Code  51  simplifies  greatly  the  solution  of  n  simultaneous 
linear  equations.  It  is  essentially  a  combination  of  Codes  18,  23,  25 
and  47,  and  will  handle  up  t©  n^39  equations.  Only  one  parameter  need 
now  be  set.  After  the  program  is  read  in,  the  data  tape  with  coefficients 
scaled  to  less  than  l/2  is  put  in  the  reader*  On  the  end  of  the  data 
tape  is  punched  one  character  giving  the  number  of  decimals  to  be  printed. 
This  is  the  lone  parameter.  The  program  determines  n  by  counting  coefficients, 
solves  the  equations,  and  punches  the  results. 

A  number  of  computations  of  e  have  been  carried  out  to  several 
thousand  decimal  places.  At  present  two  different  codes  (using  different 
methods)  have  given  identical  results  to  8,000  decimal  places.  One  code 
for  e  has  been  written  which  is  fu!3y  checked  against  single  computational 
errors  (including  input  and  output)  and  we  expect  to  use  machine  time  as 
it  is  available  to  compute  about  50,000  places.  This  will  give  us  valuable 
data  on  machine  operation  in  a  large  scale  computation. 

Several  checked  variations  of  Code  42,  the  fundamental  eigen- 
value-eigenvector codes  have  been  completed.  These  variations  are: 

(a)  Code  42.1  is  a  new  set  of  punching  instructions 
which  make  it  possible  to  use  the  output  tape 
as  an  input  tape.  It  is  used  with  (d)  on  the 
next  page. 
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(b)  Code  ^2A  uses  a  convergence  test  different  from 
that  of  Code  &2  and  counts  orthogonal  trans- 
formations rather  than  iterations. 

(c)  Code  **2B  is  a  modification  of  k2A  and  selects 

the  largest  off-diagonal  element  rather  than 
elements  in  sequence, 

(d)  A  routine  has  been  written  which  checks  the 
eigenvalues  and  eigenvectors  and  prints 
residuals  defined  by  Rs{AX)A~X.  This  will 
he  rewritten  to  define  residual  as  Rs*AX«\X. 

At  present  one  8  by  8  matrix  has  been  used  with  all  of 

the  above  routines  „  An  analysis  is  being  made  to  compare  the  codes 

a,  b,  and  c« 

Several  demonstration  tapes  have  been  written. 

Work  is  continuing  on  the  shock  wave  refraction  problem. 


II  USE  OF  THE  C 


A,  Table  II  shows  the  distribution  of  machine  time  for  the 
interval  September  16  through  October  15- 

TABLE  II 


Engineering  time  during  the  intervals 

8AM-12IT  and  ^:30B4-5:OOPM  (excluding  the 

running  of  flaw,  RAR,  and  leapfrog  tapes),,..,.  59h  59& 

Repairs  at  other  periods  of  the  day. ...........  $k  52 

Wheeler...... .....(l) ....  37  ^9* 

Nash. . . . .  o  „  o  c ...(l),..».. •>.....••..•  9  3-8 

Robertson........ ....(6).... 13  02 

Leichner. (0)..... 5  39 

Clutterham.. (0)... 6  39 

Ring... .....(0)...... 2  ^9 

Gregory.... (l)... .....•• .. .....  6  k2 


I 


About  15  hours  of  this  was  for  Chemistry,  the  rubber  molecule 
problem  (Wall). 
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Total: 


377   26 


The  number  of  errors  made  "fey  the  machine  while  on  the  codes 
listed  is  given  in  the  parentheses.  The  total  errors  so  listed  in  the 
log  for  this  interval  is  70. 

This  is  a  breakdown  on  the  use  of  the  machine  as  prepared 
from  the  log  by  Mr.  Huffman „ 

B.  The  problems  put  on  the  machine  for  the  Computer  Group  are 
described  in  I.  Other  work  carried  out  on  the  machine  is  described  here 
briefly  by  the  groups  using  the  machine. 

Psychology  (Wrlgley).  The  following  tasks  were  completed: 

1.  Eigenvalues  aad^ Eigenvectors .,  The  eigenvalues  and  eigen- 
vectors were  obtained  for  seven  matrices  of  order  23  x  23. 

2°  Matrix  Multiplications ,  Seme  large  matrix  multiplications 
were  carried  out,  eight  in  which  square  matrices  of  order 
23  x  23  were  multiplied  together,  one  in  which  a  120  x  23 
matrix  was  multiplied  by  a  23  x  23  matrix,  and  one  in  which 
a  23  x  120  matrix  was  multiplied  by  a  120  x  23  matrix. 
In  each  case  matrices  were  partitioned  into  blocks,  since 
total  elements  in  the  multiplying  matrices  exceeded  the 
storage  capacity  of  the  computer.  I$y  a  series  of  calcula- 
tions involving  both  matrix  multiplication  and  matrix 
diagonalization,  an  orthogonal  set  of  factor  loadings  was 
obtained  for  a  correlation  matrix  of  order  120  x  120. 
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3*  Transposition  of  a  Matrix*  A  matrix  of  or<5er  120  x  23 

was  transposed  to  avoid  the  need  for  repunehing. 

^«  Code  Checking..  Programs  for  the  transposition  of  a 
matrix  and  for  the  conversion  of  eigenvector  elements 
to  factor  loadings  have  been  tested. 

Chemistry  (Wall,  Wheeler).  In  order  to  investigate  the 
structure  and  sise  of  psuedo-rubber  molecules  and  obtain  statistics 
on  their  root-mean»square  lengths,  a  large  sample  of  such  molecules 
was  surveyed o  Each  "molecule"  was  constructed  of  a  chain  of  "atoms", 
each  bond  being  of  unit  length  and  perpendicular  to  the  preceeding 
bond*  Thus  at  each  stage  there  were  four  possible  positions  for  the 
new  "atom".  The  choice  was  made  using  psuedo- random  numbers.  Statistics 
were  obtained  on  molecules  of  1  to  100  units  for  a  few  million  specimens. 
The  structure  of  a  second  type  of  molecule  is  to  be  investigated. 

Civil  Engineering  (Benesch,  Carlson  and  Brooks).  Two  sets 
of  simultaneous  non- linear  differential  equations  of  second  order  have 
been  solved.  The  equations  are  the  equations  of  motion  of  a  system  of 
masses  and  their  connecting  structural  elements.  They  are  of  the  form: 

X  ®S  X  p     G.      o  o  o  X*. 

(J  ®  X*f  gL      o  e  «   H 

Initial  conditions  y^Co)  and  y^Co)  are  specified.  The  solutions  are 
for  an  Interval,  X  6.  t  £  T,  where  X  is  small  compared  to  T,  and  the  two 
solutions  which  have  been  obtained  are  for  n  »  18. 


Physics  (Lee,  Clutterham).  An  attempt  was  marie  to  find 
the  h  eigenvalues  for  a  set  of  h   Schroedinger  equations.  The  work 
was  not  finished. 

CSL.  This  required  computations  of  a  control  nature  which 
are  under  security  classification. 

The  machine  is  normally  used  for  "engineering"  and  maintenance 
between  8AM  and  12H,  and  for  a  check  of  its  performance  between  4:30PM 
and  5  J  00PM  of  each  weekday „  Since  the  periods  between  8  in  the  morning 
and  noon,  together  with  certain  other  irregular  periods  like  Saturdays 
and  Sundays,  are  devoted  to  a  heterogeneous  group  of  functions,  it  is 
more  instructive  from  an  error  analysis  standpoint  to  look  at  the 
periods  between  noon  and  midnight  of  each  weekday  in  order  to  make  an 
observation  of  the  error  frequency  in  the  machine  .  This  is  the  actual 
period  when  the  machine  is  designated  for  use.  With  this  in  mind  a 
summary  table  has  been  prepared  using  the  period  between  noon  and  mid- 
night of  each  weekday.  This  table  lists  the  running  time  when  the 
machine  was  operating  properly,  the  amount  of  time  devoted  to  repairs 
because  of  breakdowns,  and  the  number  of  failures  while  the  machine  was 
listed  as  running.  Each  failure  was  considered  to  have  terminated  a 
running  period  and  was  followed  by  a  repair  period  to  be  consistent 
in  the.  method  of  .preparing  this  table  „  Since  the  leapfrog  code  is  very 
probably  our  most  significant  machine  test,  the  length  of  time  which 
it  has  been  used  on  the  machine  is  listed  separately  together  with  the 
number  of  errors  associated  with  that  particular  code.  This  Information 
for  the  month  is  presented  as  Table  III. 
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TABLE  .III 


: 

RUNNING 
OK 

REPAIRS 

AIR  COS©. 
REPAIRS 

FAILURES 
BORING  OK 
•HME 

LEAPFROG 

FAILURES 
ON  LEAPFROG 

WASTED 

16 

4:47 

6:46 

0 

3 

3:35 

3 

:27 

17 

1:19 

8:47 

0 

3 

1:08 

3 

1:54 

18 

10:36 

1:03 

0 

3 

5:09 

2 

:21 

19 

6:16 

5:04 

0 

0 

:42 

0 

:40 

22 

11:  (A 

0:40 

0 

2 

5:18 

2 

:16 

23 

7:19 

4:25 

0 

0 

3:02 

0 

:16 

2* 

6:45 

5:05 

0 

0 

4:24 

0 

:10 

25 

11  :24 

:26 

0 

1 

3:54 

1 

:10 

26 

9:13 

2:16 

0 

3 

4:34 

3 

:31 

29 

8:32 

3:13 

0       ' 

4 

5:20 

4 

:15 

JO 

5:56 

5:56 

0 

2 

2:38 

0 

:08 

1 

11:15 

•M 

0 

1 

3:38 

0 

0 

2 

11:35 

:25 

0 

1 

4:10 

1 

0 

3 

11:21 

:29 

0 

2 

4:49 

1 

:10 

6 

11:50 

0 

0 

0 

3:33 

0 

:10 

7 

11:07 

:53 

0 

2 

1:06 

0 

0 

8 

9:l8 

1:43 

:59 

3 

1:14 

0 

0 

9 

10:51 

0 

1:09 

1 

1:41 

1 

0 

So 

1 

11:29 

:31 

0 

4 

1:17 

2 

0 

3 

6:51 

5:09 

0 

1 

1:13 

1 

0 

k 

8:20 

3:40 

0 

2 

3:38 

2 

0 

5 

- — = 

11:27 

:25 

0 

1 

4:28 

0 

:08 

_ 

198:35 

57:41 

2:08 

39 

70:31 

26 

5:36 
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It  may  be  seen  from  this  Table  that  the  machine  operated  on  problems 
or  was  available  for  problems  about  75$  of  the  time  during  the  interval,, 
During  this  75$  period  (198  hours)  a  total  of  39  errors  occurred!  26 
of  these  errors  were  associated  -with  the  leapfrog  routine  which  was 
operated  a  little  ever  JO  hours.  It  may  be  observed  from  Table  III 
that  for  the  period  October  1  through  October  15  the  machine  was 
operating  87$  of  the  time  or  about  116  hours  and  the  number  of  errors 
for  this  period  was  18. 

The  machine  has  been  operated  about  770  hours.  It  has  been 
in  operation  as  a  complete  unit  since  about  September  1. 

IV  CCMMEHTS  PIT  THE  MACHXKE 

A.  Ifemory 

During  the  month  the  largest  single  source  of  failures 
within  the  machine  has  been  associated  with  flaws  on  cathode  ray  tubes. 
This  was  aggravated  by  the  fact  that  it  is  apparently  true  that  the 
raster  moved  slightly  on  at  least  two  occasions  so  that  f3.aws  which 
had  been  dodged  previously  became  important.  It  has  been  established 
that  a  change  of  a  few  volts  in  the  -300  volt  voltage  being  supplied 
the  machine  can  produce  a  shift  with  similar  results,  although  it  is 
not  known  whether  or  not  this  was  the  cause  of  the  two  shifts.  Steps 
are  now  being  taken  to  eliminate  this  possibility. 

The  read-around  ratio  of  the  memory  has  been  steadily  im- 
proving. There  seem  to  be  two  reasons  why  this  might  be  so.  First, 
the  intensity  of  the  cathode  ray  tubes  may  have  been  decreasing  somewhat 
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as  a  group  and  this  has  tended  to  Increase  the  read- around  ratio 
(and  enhance  the  flaw  problem).  Secondly,  some  of  the  tubes  with 
poor  read- around  ratio  have  been  replaced.  A  typical  read-around 
table  (102^  digit  raster)  was  obtained  on  October  13th  and  is  shown 
as  Table  XVo 

TABLE  IV 


HO.  OF  SEPARATE  CATHODE 

BAR 

N0o  OP  SEPARATE  FAILURES 

RAY  TUBES  INVOLVED  IN 

TEST 

AfTER  T&T0  TESTS 
0 

THE  FAILURES 

5 

0 

10 

0 

0 

15 

0 

0 

20 

0 

0 

25 

0 

0 

30 

2 

2 

*0 

2k 

10 

50 

60 

9 

60 

about   125 

Ik 

B. 

Arithmetic  Unit 

The  arithmetic  unit  has  been  checked  to  see  that  the  line 
voltages  can  be  changed  without  affecting  the  machine.  When  this 
was  first  tried  the  -300  volt  supply  could  be  reduced  to  only  about 
-302  volts  before  the  arithmetic  unit  and  control  would  simply  stop. 
No  errors  occurred.  This  occurred  because  of  a  tolerance  problem  in 
the  clear  driver  circuits.  It  has  been  corrected  In  the  sense  that 
the  -300  volt  power  supply  potential  can  now  change  by  at  least  5$ 
(as  well  as  all  of  the  other  voltages  except  the  cathode  ray  tube 
voltages ) . 

C.  Input- Output 

The  relay  which  connected  the  printer  control  to  the  output 
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teletype  circuits  was  found  to  be  unreliable  and  has  been  replaced. 
The  circuit  associated  with  the  reading  of  the  sprocket  hole  for 
the  photoelectric  tape  reader  has  been  slightly  altered  for  tolerance 
reasons . 

An  alteration  was  made  In  the  input-output  shift  sequencing 
chassis,  and  the  "A"  gate  disc  was  moved  around  on  the  crank  shaft 
of  the  punch.  These  changes  increased  the  time  available  for  com- 
putation during  the  punching  process  from  10  milliseconds  to  16 
milliseconds.  Any  further  Increase  in  this  time  could  not  be  made 
due  to  the  inability  of  the  pawl  magnet  to  release  quickly  enough. 
D.  Test  Routines 

A  number  of  test  routines  have  been  written  which  are 
available  for  testing  individual  parts  of  the  machine.  In  addition 
to  our  standard  flaw  test,  re ad- around  test,  and  the  leapfrog,  the 
test  routines  listed  as  Table  V  are  now  available. 

TABLE  V 

1.  Place  Crippled  Leapfrog 

2.  Stripe  RAR  Test 

3.  Find  Leapfrog  and  Print  Discrepancies 

k.  Single  Digit  Adder  and  Digit  Resolver  Test 

5.  Input  Routine 

6.  Glow  Worm  RAR  Test 

7.  Leapfrog  Tape  Test 

8.  Printer  Test 

9.  Switch  Controlled  Print  Routine 
10.  Plant  Address  Test  Routine 

V  RESEARCH  AJTO  DEVELOPMENT  (This  is  supported  in  part  by  OUR  Task  2*0 

An  overall  scheme  has  been  worked  out  for  attaching  the 
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magnetic  drum  to  the  machine.  This  involves  serial  storage  on  the 
drum  using  information  obtained  k  digits  at  a  time  from  RI,  and 
uses  a  "buffer  register  to  transfer  the  information  from  the  four 
digit  parallel  system  to  the  serial  system.  This  system  has  been 
adopted  because  it  makes  possible  the  efficient  use  of  the  storage 
medium  with  a  non-re turn- to- zero  system.  This  system  should  make 
it  possible  to  store  6k  words  of  kO  binary  digits  each  on  each  of 
200  drum  circumferences.  Words  would  be  read  out  one  word  at  a 
time  and  a  subroutine  will  be  necessary  in  the  machine  in  order  to 
read  out  blocks  of  words.  A  set  of  logical  drawings  for  this  entire 
system  is  now  being  prepared. 

A  study  of  various  solid  core  memories  including  the 
ferrites  is  being  made.  Orders  for  samples  of  these  cores  have 
been  placed. 

A  number  of  1768  and  1698  transistors  have  been  received 
(via  Army  channels}.,  Work  can  now  be  started  on  direct  coupled 
transistor  circuits. 

The  equipment  designated  as  WX  is  now  nearly  completed. 
This  is  a  -vexy   general  purpose  Williams  test  rack  which  will  make 
it  possible  to  test  as  many  as  6  Williams  tubes  simultaneously  and 
to  ascertain  the  performance  of  the  circuits  and  the  tubes  individually. 
Automatic  circuits  are  available  to  make  a  read-around  test  at  each 
of  the  102*4-  addresses  of  each  tube.  As  soon  as  this  WX  is  put  into 
operation  it  will  be  possible  to  make  any  tests  on  cathode  ray  tubes 
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or  chassis  to  keep  the  main  computer  operating.  It  can  then  be 
considered  to  he  a  service  rack  in  this  respect.  It  will  then  he 
possible  to  use  the  Williams  II  memory  equipment  to  carry  out  a  test 
with  a  Radechon  tube  loaned  to  us  by  CSL  and  to  use  the  Williams  II 
memory  equipment  for  other  eacperimantal  needs. 

vi  ocmwocnm 

Construction  work  carried  out  during  the  month  has  consisted 
of  the  following: 

1.  Finished  spare  clock  for  computer  (Drawing  M-413) 

2.  Finished  spare  puleer  for  computer  (Drawing  M-klk) 

3.  Finished  address  generator  for  WX  (Drawing  L-if-03 
and  Drawing  S-395) 

ho     Finished  register  for  WX  (Drawing  M-U07) 

5.  Finished  BAB  and  counter  control  for  WX  (Drawing  L-U08) 

6.  Finished  clock  for  WX  (Drawing  M-413) 

7.  Finished  3  pulser  chassis  for  WX  (Drawing  M-lj-14) 

8.  Finished  Pulse  mixing  and  C.  Fe  Chassis  for  WX 
(Drawing  M-39?) 

9.  Finished  "A"  scope  amp  and  sweep  circuits  for  WX 
(Drawing  M-Mg) 

10.  Finished  reversing  control  chassis  for  WX  (Drawing 

U-k06) 
lie  Finished  WX  frame  and  covers  7/8  completed 
12.  Finished  checking  600  5687  tubes. 

VII  REPORT  AMD  SBMICTABB 

The  following  reports  have  been  written  during  the 


month: 


IKTERKAL  REPORT  NO.  38 

Revised  Order  Code  for  University  of  Illinois  Digital 
Computer  by  J.  P.  Nash  and  D.  J.  Wheeler  -  9/23/52 

BTEERSAL  REPORT  HO.  3£ 

How  to  Calculate  the  Read- Around  Requirements  of  a  Code 
by  J.  P.  Hash  -  10/lty52 
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XNTERNAL  REPORT  NO,  kO 


Operation  Times  of  the  Illinois  Computer  by  3.  L.  Hughes 
10/16/52 


The  seminars  presented  during  the  month  have  included: 


September  16,  1952  -  Digital  Computers  in  England  by  Eric  Mutch 

September  2k,   1952  -  A  Survey  of  Matrix  Memories  Using  Solid 

Core  Materials  by  J.  M=  Wier 

October  1,  1952  -  Input-Output  Logic  by  E.  L.  Hughes 

October  8,  1952  -  A  Magnetic  Drum  Memory  and  its  Relation  to  the 
Present  Computing  Machine  by  T.  Shapin. 

October  15,  1952  -  Shock  Wave  Problems  by  A.  H.  Taub 


REM/nrh 


M 


DIGITAL  OMFUTEB 

TO:    Executive  Committee,  Computer  Subcommittee  and 
Graduate  College 

FRQti:    R.  E.  Meagher 

DATE:  November  26,  1952 

Mr.  Leichner  has  been  placed  In  1-A  by  his  Appeal 
Board.  Mr.  Liu  Is  resigning,  effective  November  25>  1952, 
to  take  a  position  with  the  University  of  Minnesota .  Except 
for  these  two  remarks  the  personnel  list  associated  with  this 
group  remains  the  same  as  that  contained  in  the  September  15th 
report. 

A  financial  statement  prepared  by  Mr.  Michael  is 
attached • 


R.  E.  Meagher 
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UNIVERSITY  OF  ILLINOIS 
GRADUATE  COLLEGE 
DIGITAL  COMPUTER 


TECHNICAL  PROGRESS  REPORT 


October  16,  1952  -  November  15,  1952 


I  MATH  GROUP  ACTIV2TT  (This  is  supported  in  part  by  <UR  Task  30). 

Using  the  four  codes  of  type  ^2  listed  in  the  October 
report,  matrices  of  order  k,   8  and  12  have  been  completely  evaluated 
and  matrices  of  order  16  and  20  have  been  partially  evaluated.  A 
discussion  of  the  results  was  given  in  a  seminar  on  November  12  and 
further  work  will  be  done.  The  purpose  of  the  study  is  to  determine 
the  best  way  of  finding  eigenvalues  and  eigenvectors.  A  code  has 
now  been  written  to  generate  elements  of  test  matrices,  thus  avoiding 
the  tedious  tape  preparation  otherwise  needed. 

The  study  of  programs  for  partial  differential  equations 
is  going  ahead  with  attention  now  being  given  to  the  two  dimensional 
Laplace  equation. 

One  of  the  members  of  the  programming  group  is  studying 
the  problems  which  will  arise  when  the  magnetic  drum  is  attached 
to  the  1LLIAC.  An  example  of  such  a  problem  is  the  solution  of  a 
set  of  simultaneous  algebraic  equations  with  more  than  39  variables, 
the  present  maximum  number. 

A  few  new  programs  have  been  added  to  the  subroutine 
library.  These  are: 

56.  Print  decimal  address  and  fraction 

57.  Print  decimal  address  and  integer 

58.  Consolidated  engineering  test 

59*  Print  decimal  address  and  order  pair 
60.  Best  least  squares  line 

Code  60  is  a  program  for  fitting  a  least  squares  straight 

line  to  a  set  of  n<.  1000  points. 
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Codes  56,  57  and  59  are  checking  routines  to  aid  In 
analysis  of  programs. 

Code  58  is  an  integrated  test  which  is  now  the  accepted 
test  for  determining  the  operability  of  the  machine.  It  contains 
the  following  tests: 

1.  Flaw  test 

2.  Read  around  test 

3.  Tape  reader  test 
k.  Printer  test 

5.  Punch  test 

6.  Leapfrog  test 

There  are  no  stops  in  the  flaw  test,  which  tests  the 
entire  memory  k  times,  unless  there  is  a  flaw.  Upon  failure  the 
faulty  address  is  given  in  R2  with  the  faulty  memory  tube  indicated 
in  R^.  The  read  around  test  is  as  before  with  failures  printed. 
When  the  ratio  rises  above  ^-0  the  program  goes  on  to  the  tape  reader 
test.  This  test  reads  sets  of  complementary  words  from  the  tape 
and  prints  incorrect  pairs.  When  a  marker  word  occurs  the  printer 
test  begins.  Here  the  printer  is  tested  for  its  ability  to  print 
alternate  K's  and  5'8>  ten  digits  being  printed  on  each  of  6k   lines. 
When  the  printer  test  ends,  the  punch  test  is  read  into  the  machine 
and  the  machine  stops  to  allow  time  to  switch  the  output  from  PRIST 
to  PUNCH.  Then  6k  words  each  containing  the  sexadecimal  characters 
0123^56789KSNJFL  and  a  carriage  return  signal  are  punched.  At  the 
end  of  the  punch  test  the  leapfrog  is  read  in  and  stops  as  usual 
before  leaping  commences. 

Code  60  is  a  program  for  fitting  a  least  squares  straight 
line  to  a  set  of  n  <  1000  points. 
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An  increasing  amount  of  time  is  being  spent  in 
consultation  with  university  staff  members  and  others  who  are 
interested  in  problem  preparation.  Members  of  the  departments 
of  electrical  engineering,  mathematics  (statistics ),  chemistry, 
physics,  psychology  and  civil  engineering  are  now  coding  problems 
for  the  machine. 

The  students  in  Mathematics  3^5  regularly  use  the 
machine  to  test  the  coding  of  problems  assigned  as  part  of  their 
class  work,  and  the  students  in  Mathematics  -  E.  E„  38^  have 
visited  the  laboratory  in  connection  with  their  study  of  logical 
machine  design. 

(continued  on  page  k) 
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II  USE  OF  THE  COMPUTER 

Table  I  shows  the  distribution  of  macMne  time  for  the 
interval  October  16  through  November  15 . 

TABLE  I 


Engineering  time,  normally  occurring  during  the  periods 

8-12  AM  and  ^:30-5:00  PM 26h  59m 

Engineering  time  at  other  times  due  to  failures. 18  01* 

Wheeler.... (6) . » 36  kO 

ItcLSil*  to**»*oe*«of>coo**«ooo«*\vJ',|»c>«0*a**Q»«e9bf»*««*«o*o*  X  ,jO 

Robertson .(0) 3  *& 

Leichner. = (2)...., 16  57 

i/Xux  uernam.  a*...«.«»«..»o.«.\JLj>..«.»«...*.o. «...».««»..  if  c.  j 

King. (0) 0  39 

Gregory. ....................  (l) 5  18 

Cobb... (0) 1  kl 

Others  in  Computer  Lab.  . . . . . (l) 9  07 

Math  385  (Wheeler) (l)......... 3  09 

ix&XOS  .....o..s*..«..........\vJ'JI.........«ae.  ...........  V/  cO 

CSL...... (1) k$  23 

Civil  Eng:  Benesch. ........ (0) 6  3s* 

Civil  Eng:  Carlson. ... (0) ...... . h  k9 

Civil  Eng:  Brooks. ...(0). 7  39 

Civil  Eng:  C-oodman . . . . (0). 0  53 

Civil  Eng:  Veletsos (6) 17  ^7 

Psychology:  Twery.. .......  .(0) 0  fcj 

Psychology:  Neuhaus . ..(0) 0  18 

Psychology:  Wrigley.. (3).... fc  06 

Flaw  and  RAR 0.....{l)... 19  57 

Leapfrog. ........ (37) • 117  *3 

Wasted ..(1) 3  37 

Operator  Training. (0) 

Demonstrations .(0).. . 


Total: 


61 


Totals:  383    07 


The  number  in  the  parenthesis  is  the  numbers  of  errors 


associated  vith  that  work. 


This  figure  appears  smaller  than  a  similar  one  called  "repairs" 
in  Table  II  because  certain  interruptions  causing  a  delay  in 
running  of  programs  but  not  caused  by  a  failure  are  included  in 
"repairs"  in  Table  II  and  included  in  Engineering  time  in  Table  I. 
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The  machine  is  normally  used  for  "engineering"  and 
maintenance  between  8  AM  and  12  W,  and  for  a  check  of  its  per- 
formance between  k:^0  ?M  and  5:00  PM  of  each  weekday.  Since  the 
periods  between  8  in  the  morning  and  noon,  together  with  certain 
other  irregular  periods  like  Saturdays  and  Sundays,  are  devoted  to 
a  heterogeneous  group  of  functions,  it  is  more  instructive  from 
an  error  analysis  standpoint  to  look  at  the  periods  between  noon 
and  midnight  of  each  weekday  in  order  to  make  an  observation  of 
the  error  frequency  in  the  machine.  This  is  the  actual  period 
when  the  machine  is  designated  for  use.  With  this  in  mind  a 
summary  table  has  been  prepared  using  the  period  between  noon  and 
midnight  of  each  weekday.  This  table  lists  the  running  time  when 
the  machine  was  operating  properly,  the  amount  of  time  devoted  to 
repairs  because  of  breakdowns,  and  the  number  of  failures  while 
the  machine  was  listed  as  running.  During  the  ^: 30-5:00  period 
(when  the  machine  is  checked)  if  no  errors  are  found,  the  time 
is  given  to  the  "running  OK"  column.  Each  failure  was  considered 
to  have  terminated  a  running  period  and  was  followed  by  a  repair 
period  to  be  consistent  in  the  method  of  preparing  this  table. 
Since  the  leapfrog  code  Is  very  probably  our  most  significant 
machine  test,  the  length  of  time  which  it  has  been  used  on  the 
machine  is  listed  separately  together  with  the  number  of  errors 
associated  with  that  particular  code.  This  Information  for  the 
month  Is  presented  as  Table  II. 
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It  may  be  seen  from  this  Table  that  the  leapfrog 
operated  on  an  average  3  hours  and  30  minutes  per  error  while 
overall  for  the  month  the  machine  ran  about  6  hours  and  30 
minutes  per  error.  The  machine  was  in  use  about  2*4-0  hours  and 
20  minutes  out  of  the  available  26k  hours  or  about  91$  ot  the 
time.  It  may  also  be  seen  from  the  table  that  out  of  the  37 
errors  18  were  repaired  and  the  other  19  remain  "unrepaired". 

The  machine  has  operated  a  total  of  1166  hours. 
IV  COMMENTS  ON  THE  MfeCHXHE 

A.     Memory 

MMMMMM 

During  the  past  month  it  has  been  necessary  to  change 
two  of  the  cathode  ray  tubes  in  the  machine.  One  of  these  was 
removed  for  its  low  read  around  ratio  in  the  regular  course  of 
attempting  to  improve  the  overall  read  around  ratio  for  the 
machine.  The  other  tube  was  removed  because  of  a  poor  connection 
to  the  aquadag  which  apparently  developed  during  use.  At  the 
present  time  there  are  10  available  3KP3-  cathode  ray  tubes 
which  can  be  considered  as  spare  tubes  for  the  machine.   These 
have  been  checked  to  have  fewer  than  2  flaws  each  and  to  see 
that  the  read  around  performance  is  acceptable  for  at  least  k 
selected  addresses. 

The  amplitudes  of  the  signals  associated  with  the 
memory  have  been  measured .  For  a  "standard"  tube  the  amplitude 
of  the  dash  pulse  above  the  base  line  is  0.8  millivolt.  The  gain 
of  the  standard  amplifier  to  a  positive  pulse  is  75*000  giving  a 
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signal  (also  positive)  on  the  oirtput  of  the  amplifier  for 
logical  use  of  60  volts  (above  the  baseline).  The  sensing 
point  of  the  logical  circuit  requires  410  volts,  i.e.,  if  the 
signal  falls  below  the  *10  volt  mark  for  about  0.2  microsecond 
or  more,  then  the  output  is  registered  as  a  dot  and  not  a  dash. 

Some  memory  positions  ere  operating  with  a  kO  volt 
dash  instead  of  the  standard  60  volt  dash.  It  is  not  known 
whether  this  is  due  to  a  change  in  tube  characteristics  or 
a  change  in  amplifier  gain.  A  change  in  the  "intensity'"'  setting 
of  the  cathode  ray  tube  does  not  always  increase  the  output 
signal. 

B.  Input-Output 

Certain  relatively  minor  changes  have  been  made  in 
the  circuits  so  that  it  is  possible  to  disconnect  the  punch 
chassis  from  the  rest  of  the  machine  without  incurring  any 
damage.  A  new  chad  box  has  been  built  for  the  punch  so  that 
the  machine  can  run  for  several  hours  between  emptying  of  the 
chad  box.  A  second  input  circuit  has  been  added  using  the 
medium  speed  tape  reader  which  was  earlier  used  for  a  brief 
period  on  the  OBDVAC.  It  operates  at  about  25  sexadecimal 
characters  per  second  and  will  act  as  a  standby  in  case  there 
is  any  trouble  with  the  high-speed  tape  reader  (2*lO  sexadecimal 
characters  per  second). 
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Co  Test  Boutines 


A  consolidated  engineering  tape  has  been  put  together 
which  contains  a  sequencing  of  tests  for  the  machine.  This  was 
described  in  I. 

On  two  occasions  this  month  the  leapfrog  tape  has 
been  started  and  the  routine  proceeded  in  spite  of  the  fact  that 
a  wrong  set  of  random  numbers  was  used.  There  is  no  independent 
check  within  the  routine  to  see  that  the  set  of  random  numbers 
which  is  used  at  the  very  beginning  is  correct.  This  indicates 
that  it  would  be  desirable  for  us  to  somewhat  alter  the  leapfrog 
routine  in  order  to  take  this  into  account. 

In  addition  the  leapfrog  routine  does  not  lend  itself 
readily  to  the  actual  location  of  an  error  once  the  routine  has 
indicated  an  error.  To  that  end  a  multiplication  test  routine 
has  been  written  with  the  following  characteristics: 

1)  A  programmed  multiplication  which  generates 
and  stores  all  intermediate  register  contents 

For  each  i  from  1  to  38  (where  i  labels 
the  step  in  the  multiplication  process): 

2)  The  multiplication  by  the  last  i  digits  of  the 
multiplier  is  executed  and  the  product  so 
obtained  is  corrected  and  checked  against 
register  contents  after  step  i  as  obtained 

in  1). 

3)  Using  the  register  contents  after  step  i, 
the  multiplication  by  the  remaining  39- i 
multiplier  digits  is  executed  and  the 
resulting  product  is  corrected  and  checked 
against  the  original  product. 


-n- 


h)    The  routine  may  "be  used  In  two  ways: 

a)  Multiplier  and  multiplicand  are 
read  from  tape  step  1}  is  executed, 
steps  2)  and  3)  are  executed  for 
each  i.  i  is  then  reset  to  1, 

and  steps  2)  and  3)  are  again  executed 
for  each  i. 

b)  The  routine  generates  pseudo-random 
numbers  then  does  l)  followed  by  2} 
and  3)  for  every  i,  then  generates  , 
new  random  multiplier  and  multiplicand 
and  repeats  l),  2)  and  3) 

Do  General 

It  has  been  recognized  for  some  time  that  the  addition 

process  within  the  machine  could  be  carried  out  in  a  shorter 

time  if  it  were  not  necessary  to  shift  the  number  to  the  right 

during  the  addition  process  and  then  make  up  for  this  by 

shifting  the  number  back  from  right  to  left.  This  can  be  done 

if  the  extra  set  of  gates  already  available  in  RI  is  used,, 

A  study  is  now  being  made  of  the  necessary  alterations  to  bring 

about  the  reduction  in  addition  time. 

V^  RESEARCH  AKB  mmjOWEm     (This  is  supported  in  part  by 

GHR  Task  2k) 

A  study  of  the  logic  and  circuits  for  the  inclusion 
of  the  drum  with  the  machine  is  proceeding.  A  detailed  system 
for  this  will  be  reported  separately.  ' 

50  type  I696  and  20  type  1728  transistors  have  been 
received  from  Army  sources.  These  are  currently  being  checked 
for  uniformity  to  serve  as  a  measure  of  the  tolerances  required 
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if  they  are  used  in  direct- coupled  logical  circuits.. 

The  Williams  apparatus  currently  designated  as 
Williams  X  is  now  in  operation.  This  makes  it  possible  to  test 
the  read  around  ratio  at  each  of  the  10E&  addresses  of  each  of 
6  separate  cathode  ray  tubes  simultaneously.  IBM  type  cathode 
ray  tubes  have  been  tested  for  comparison  purposes  with  3KPl's» 
A  separate  report  will  be  available  on  this  comparison.  A 
Badechon  will  be  tried  for  digital  storage  in  Williams  II. 

A  study  is  being  made  in  the  theory  of  logical 
circuits.  This  has  resulted  in  the  following  work. 

1)  Pour  theorems  which  permit  the  design  of  circuits 
when  one  is  given  metric  relationships  between  the  logical 
variables  involved  have  been  proved.  These  theorems  are  generali- 
zations of  those  given  in  the  seminar. 

2)  A  matrix  theory  of  transformations  has  been 
used  to  count  the  number  of  transformations  in  which  variables 
are  fixed. 

3)  A  correspondence  between  logical  variables 
and  numerical  vectors  has  been  established  and  a  general  re- 
lationship between  operations  upon  these  vectors  and  the  operations 
of  Boolean  algebra  was  derived. 

h)    A  theorem  was  proved  which  shows  that  if  the 
numerical  vector  corresponding  to  a  given  variable  can  be  re- 
presented as  a  linear  combination  of  other  vectors  with  positive 
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coeff icients  then  the  given  variable  can  always  be  represented 
as  a  branching  diagram  generated  from  the  variables  corres- 
ponding to  the  other  vectors. 

5)  The  Boolean  algebra  having  k   independent 
variables  was  studied  by  use  of  the  machine .  normal  vectors 
for  the  65,536  variables  in  the  system  were  generated  and 
separated  into  classes  which  are  basically  different.  Sight 
such  classes  were  discovered  and  the  number  of  variables  in 
each  class  was  recorded.  A  number  of  checks  on  these  results 
were  made. 

Branching  diagrams  were  formed  for  each  class  of 
variables  by  use  of  the  methods  mentioned  in  paragraph  1. 

6)  A  closed  subroutine  was  written  to  generate 
different  types  of  input  variables  for  systems  containing  from 
1  to  5  independent  variables.  This  subroutine,  which  will 
probably  be  used  in  connection  with  most  codes  connected  with 
the  study  of  logical  circuits,  has  been  thoroughly  tested  on 
the  machine. 

VI  CONSTRUCTION 


1.  Finished  WX  except  for  painting  some  of  the 
covers. 

2.  Machined  Ik  hinge  strips  for  final  computer 
cover. 

3.  Made  covers  for  input-output  covers  for 
two  680  volt  power  supplies  and  covers 
for  two  2000  volt  power  supplies.  All 
of  these  covers  need  to  be  painted. 
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k.     Started  wiring  of  one  680  volt 

power  supply;  it  cannot  be   finished 
until  some  transformers  arrive. 

5.  Made  62  tape  spools. 

VII  SEMINARS 

The  following  seminars  have  "been  presented: 

October  29,  1952 

David  Muller 

Transformations  of  Systems  of  Logical  Circuits  I 

November  5,  1952 

David  Muller 

Transformation  of  Systems  of  Logical  Circuits  H 

November  12,  1952 

R.  T.  Gregory 

A  Routine  for  Computing  Eigenvalues  of  a  Symmetric  Matrix 

VIII  PERSONNEL 


The  personnel  associated  with  the  group  and  hence 


the  contributors  to  this  report  are: 

Brown,  Caroline 
Butler,  William 
Clutterham,  D.  R. 
Cobb,  Bessie  (l/2  time) 
Gibson,  Margaret 
Gregory,  R.  T.  (l/2  time) 
Bouse,  Natalie  R. 
Huffman,  William 
Hughes,  E.  L. 
Jones,  Walter  E. 
Kerkering,  T.  E. 
King,  Richard  (l/2  time) 
Kudlich,  R.  A.  (1/2  time) 


Liu,  R.  C. 

Leichner,  G.  H.  (l/2  time) 

Lopeman,  E.  E. 

Meagher,  R.  E. 

Michael,  0.  W. 

Muller,  David 

Nash,  J.  P. 

Newmark,  N.  M. (Exec  Committee) 

Robertson,  J.  E. 

Russell,  Ramona 

Shapin,  Theodore 

Taub,  A.  H.  (l/2  time) 

Wier,  J.  M. 

Wheeler,  D.  J. 


R.  E.  Meagher 


wmnsRsmr  of  Illinois 

GRADUATE  COLLEGE 

DIGITAL  COMPUTER 


TECHNICAL  PROGRESS  REPORT 


November  16,  1952  -  December  15,  1952 


I  M&Eg  GROUP  ACTOTTI   (This  is  supported  in  part  by  (MR  Task 

A  machine  checked  code  which  uses  eigenvalue  code  k-2   as  a 
subroutine  is  now  working*  With  this  code  experimental  matrices 
can  be  generated  and  their  eigenvalues  and  eigenvectors  determined.. 
By  varying  one  parameter  one  can  change  the  oi*der  of  the  matrix  and. 
by  varying  a  second  one  can  obtain  different  matrices  of  the  same 
order0  Similar  codes  will  be  written  for  eigenvalue  codes  k2k  and 
k2B  and  then  it  will  be  possible  to  obtain  a  large  amount  of  data 
for  matrices  of  order  20  or  less. 

The  refraction  problem  which  was  found  to  have  spurious 
roots  for  weak  shocks  and  nearly  head  on  incidence  when  the  two 
media  were  Identical  has  been  rectified  to  eliminate  these  roots. 
(These  spurious  roots  did  not  occur  for  the  normal  refraction  problem 
when  the  media  were  different).  The  tape  itself,  is  now  ready  for 
the  library  but  a  detailed  description  will  be  deferred  until  the 
curved  shock  problem  (a  doctoral  dissertation)  ha®  been  run. 

The  curved  shock  problem  is  now  in  the  machine  testing 
stage.  Included  in  it  is  a  closed  subroutine  for  finding  real  roots 
of  an  algebraic  equation  which  may  be  used  per  Be   in  the  library. 
Here  again  the  description  will  be  deferred  until  the  entire  curved 
shock  program  is  working. 

A  program  was  written  and  tested  for  determining  the  maximum 
errors  in  the  solution  of  a  set  of  simultaneous  algebraic  equations 


due  to  unreliability  of  the  coefficients. 

A  cube  root  program  and  a  sine  and  cosine  routine  have 
been  tested  and  are  now  being  "written  up  for  the  library. 

A  fully  checked  program  for  computing  the  digits  of  e 
was  completed  and  the  value  of  e  was  computed  to  60*000  decimal 
places*  An  analysis  of  the  digits  is  now  being  carried  out. 

A  start  was  made  on  a  program  to  test  Goldbach's  Hypothesis 
(which  states  that  any  even  number  is  the  sura  of  two  odd  prime 
numbers)  up  to  a  few  million,  but  no  results  are  yet  available. 
The  sieve  method  of  generating  prime  numbers  is  working,  however, 
and  production  of  the  primes  needed  to  test  Goldbach's  ISypothesis 
can  begin. 

The  following  subroutines  have  been  added  to  the  program 

library  during  the  past  month. 

6l   Input  one  number,  placing  signed  Integer  in 
R<jL  and  signed  fraction  in  Rg. 

6g   Logical  input  variable.  This  program  is 
designed  to  generate  logical  variables  of 
various  kinds. 

63   Floating  decimal  arithmetic.  This  program 

replaces  Code  k6  which  contained  the  FO  order 
and  may  become  obsolete. 

6k      Exponential.  This  program  replaces  HR^  by  eacp 
(HRl)  if  HRi  is  negative  and  by  exp  (KRi   -  1)  if 
MR]l  is  not  negative. 

65   Standard  subroutines.  This  program  collects  3 

frequently  used  subroutines  (21,  23,  52,  53  and  6l) 
together  and  arranges  them  with  parameters  for 


-3- 


easy  use0  It  is  intended  primarily  as  an 

aid  to  persons  wishing  to  check  other  programs. 


II  USE  OP  THE  COMPOTSR 


Table  I   shows  the  distribution  of  machine  time  for  the 
interval  of  November  16  through  December  15,  1952. 

TABLE  I 

Engineering  time  normally  9-12  AM  and  ht^Q   -  5:00  PM 
Engineering  time  at  other  times  due  to  failure 

Wheeler  (2) 

Nash  (0) 

Robertson  (0) 

Leichner  (0) 

Clutterham  (©) 

King  (0) 

Gregory  (0) 
Cobb 

Others  in  Group 

Math  385  (0) 

Math  38U  (0) 

Snyder  -  Physics  (0) 

Kalos  -  Physics  (0) 

CSL  (0) 

Institute  of  Coram,  Res.  -  Wilson  (0) 
Civil  Engineering  -  Benesch 
Civil  Engineering  -  Carlson 
Civil  Engineering  -  Veletsos 
Civil  Engineering  -  Brooks 

Psychology  -  Neuhaus  (0) 

Psychology  -  Wrigley  (0) 

Math  -  Stat.  Nicholson  (0) 

Flaw  and  RAR  (0) 

Leapfrog  (25) 

Wasted  (0) 
Demonstrations 


Totals : 


(27) 


19h 

20m 

18 

17 

^9 

18 

3 

1*5 

1 

22 

2 

51 

16 

U6 

1 

Ik 

7 

k$ 

1 

13 

2 

33 

3 

15 

36 

2 

35 

k 

51 

18 

51 

09 

12 

15 

7 

15 

23 

3% 

12 

15 

19 

16 

09 

1 

29 

19 

50 

89 

28 

3 

53 

2 

3^3    *3 


The  number  in  the  parenthesis  is  the  number  of  errors 
associated  with  that  work. 


The  following  list  give  s  the  problem  specifications  for 

new  coded  which  were  tried  during  the  montho  It  does  not  indicate 

how  the  machine  was  used  "because  problems  with  numbers  less  than 

35  oiay  have  consumed  large  amounts  of  machine  time, 

PROBLEM  SF^IFLCATtm  MTTLmSim 

Compute  sequence  of  primes        Computer 

Factor  leadings ^  30  x  30  matrix    Psychology 

Extract  7  factors  from  correlation 

matrix  Psychology 

38  Find  beam  deflection  at  l/l2  points 
under  various  dynamic  moments      Civil  Engr. 

39  Compute  a  force  function  to  he  used 
in  a  code  for  the  dynamic  response  Civil  Engr, 
of  a  closed  ring 

kO  Print  successive  odd  numbers  and 

give  smallest  factor  if  not  prime   Computer 

*H  Check  cube  root  routine  Computer 

h2  Solve  for  true  field  vs  ideal  field 

in  various  colls  Physics  (Snyder) 

^3  Check  sin  x,  cos  x  Computer 

M  Check  exp  x  Computer 

^5         Solve  9  non- linear  second  order 
partial  differential  equations 
with  variable  coefficients        Civil  EngTo 

h6  Check  sin  x,  cos  x  Computer 

^7  Test  standard  subroutine  code      Computer 

h&  Convert  tape  punched  from  IBfel 

cards  to  form  usable  by  XLLIAC     Psychology 
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NUMBER 
*9 

50 

51 

52 

53 
5* 
55 

56 

57 

58 

59 

60 
61 

62 

63 
61* 


PROBLEM  SPECIFICATION 

Eigenvalues  and  eigenvectors  of 
30  x  30  matrix 

Laplace  equation  for  simple 
boundary 

Shock  wave  problem 

Incomplete  iota  function  code 
checker 

Logical  quantities  to  aid  in 
circuit  simplification 

Incomplete  Beta  function  code 
checker 

Calculate  correlation  coefficients 
for  dichotomous  data 

Experimental  eigenvalue  program 

Eigenvalue  and  eigenvectors  of 


Frequencies,  (chi)  ,  digrams  and 
poker  hands  for  5000  decimal 
digits  of  e 

Produce  prime  differences  in  range 

0-50,000 

Factor  loadings,  21  x  21  matrix 

Check  errors  in  simultaneous 
algebraic  eq„ 

Form  prime  differences  from  0 
to  1  or  2  million 

Factor  leadings  of  17  x  17  matrix 

Neville's  interpolation  scheme 


AFFILIATION 

Psychology 

Elec.  Engr. 
Computer 

Math  Statistics 

Computer 

Math  Statistics 

Psychology 
Computer 

Psychology 

Computer 

Computer 
Psychology 

Computer 

Computer 

Psychology 

Physics 


•Iqvla  to*  arc  l T       -     ■  '    ftl  'V 
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BDMBER  PROBLEM  SPECXFICATIOlf  AFFILIATION 

65  Principal  axes  factor  analysis, 

15  x  15  matrix  Psychology 

66  Compute  sine  integrals  and  sines   Computer 

67  Test  1.8  precision  routine        Computer 

68  Read  in  matrix  and  punch  out 

transpose  Psychology 

III  ERROR  FREQUENCY  AND  PERFORMANCE 


The  machine  normally  used  for  "engineering"  and  maintenance 
between  8  AM  and  12  N,  and  for  a  check  of  its  performance  between 
I*: 30  PM  and  $: 00  PM  of  each  weekday.  Since  the  periods  between 
8  in  the  morning  and  noon,  together  with  certain  other  irregular 
periods  like  Saturdays  and  Sundays,  are  devoted  to  a  heterogeneous 
group  of  functions,  it  is  more  instructive  from  an  error  analysis 
standpoint  to  look  at  the  periods  between  noon  and  midnight  of  each 
weekday  in  order  to  make  an  observation  of  the  error  frequency  in 
the  machine  o  This  is  the  actual  period  when  the  machine  is  designa- 
ted for  use.  With  this  in  mind  a  summary  table  has  been  prepared 
using  the  period  between  noon  and  midnight  of  each  weekday.  This 
table  lists  the  running  time  when  the  machine  was  operating  properly, 
the  amount  of  time  devoted  to  repairs  because  of  breakdowns,  and 
the  number  of  failures  while  the  machine  was  listed  as  running. 
During  the  hi 30-5:00  period  (when  the  machine  is  checked)  if  no 
errors  are  found,  the  time  is  given  to  the  "running  O.K0"  column. 
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Each  failure  was  considered  to  hare  terminated  a  running  period 
and  was  followed  fey  a  repair  period  to  be  consistent  in  the  method 
of  preparing  this  table.  Since  the  leapfrog,  code  is  ¥ery  probably 
our  most  significant  machine  test,  the  length  of  time  which  it 
has  been  used  on  the  machine  is  listed  separately  together  with 
the  number  of  errors  associated  with  that  particular  code.  This 
information  for  the  month  is  presented  as  Table  II.   It  may  be 
seen  from  this  Table  that  the  leapfrog  operated  about  four  hours 
per  error.  Overall  the  machine  operated  about  ten  hours  per  error. 
Several  errors  produced  by  dirt  on  the  tapes  are  not  considered 
to  be  machine  errors.  The  machine  was  operative  about  92  percent 
of  the  time  it  was  scheduled  to  be  in  operation. 
22.    CC34METO5  OH  THE  MACHINE 

A.  Memory 

Three  cathode  ray  tubes  were  changed  in  the  machine 
during  the  month.  One  change  was  made  because  of  flaws  and  two 
of  the  tubes  were  changed  because  the  second  anode  connection  to 
the  aquadag  failed.  No  memory  chassis  were  replaced  or  repaired. 
A  new  power  supply  was  installed  in  the  address  generator  of  the 
memory  for  the  purpose  of  providing  a  more  highly  regulated 
negative  voltage  for  the  address  generator.  This  power  supply 
caused  the  read  around  performance  of  the  machine  to  be  perceptibly 
poorer  for  several  days  because  voltages  produced  by  the  power 
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supply  were  slightly  different  from  the  previous  power  supply. 
This  provides  clear  evidence  that  there  Is  a  change  in  the  read 
around  characteristics  of  the  cathode  ray  tubes  if  for  any  reason 
the  raster  position  is  changed.  The  cause  of  the  effect  is  not 
known o  Two  sample  tubes  with  the  type  number  C-73376A  have  been 
received  from  RCA  for  memory  use.  Both  of  these  tubes  are  sub- 
stantially free  of  flaws  and  one  of  them  has  a  read  around  ratio 
of  about  350  and  the  other  500  under  the  same  conditions  that  the 
read  around  performance  of  our  3KPl's  is  about  ^K). 

100  3KP1  tubes  have  been  received  which,  when  tested, 
can  be  used  a  replacements.  The  C-73376A  tube  is  not  yet  available 
in  more  than  sample  quantities. 

B.  Input- Output 

Because  of  the  pressing  need  for  extra  printing  facilities 
the  printer  supplied  by  CSL  has  been  converted  so  that  our  standard 
sexadecimal  characters  may  be  printed  using  our  code.  In  addition 
most  of  the  other  characters  In  the  machine  have  been  left  unaltered 
so  that  by  the  use  of  the  special  print  orders  it  is  possible  to 
print  most  of  the  letters  of  the  alphabet  from  codes  obtained  from 
the  machine. 

C.  General 

A  number  of  logical  adder  circuits  have  been  investigated 
and  considered  in  the  last  two  years,  A  logical  adder  based  upon  a 


-11- 


clrcuit  proposed  by  the  Swedish  Computer  Group  at  Stockholm 

appears  to  be  better  than  any  of  the  others  yet  proposed.  The 

circuit  provides  a  carry  time  of  less  than  2  l/2  microseconds  for 

UO  stages  and  an  addition  time  within  any  one  stage  of  about  5 

microseconds  for  the  slowest  transition.  Eight  tubes  per  stage 

are  required  for  this  adder.  Since  the  use  of  this  adder  would 

eliminate  the  need  for  the  6*80  volt  power  supply,  would  reduce 

the  total  number  of  tubes  within  the  machine,  and  would  cut  the 

setting  of  the  carry  delay  circuit  from  16  microseconds  to  about 

9  microseconds  it  would  appear  to  be  a  worthwhile  change  in  the 

machine. 

V  RESEARCH  AffD  BEVELOFMEHT   (This  is  supported  in  part  by  OMR 

Task  2*0 

The  logical  arrangement  for  the  inclusion  of  the  drum 
as  an  auxiliary  memory  with  the  machine  has  been  decided  upon 
and  the  effort  is  currently  be*ug  placed  on  the  design  of  the 
circuits  for  this  arrangement.  No  significant  change  in  the 
system  has  been  made  since  the  last  report  on  it. 

Photographs  have  been  taken  of  the  collector  characteristics 
for  the  type  I768  transistors  and  for  part  of  the  type  1698  transis- 
tors which  have  been  received.  These  have  been  obtained  so  that  a 
tolerance  study  can  be  made  of  the  characteristics  presently  avail- 
able in  the  transistors  for  use  in  direct- coupled  circuits. 

The  theory  of  logical  design  and  methods  for  its  application 
have  been  developed  in  several  directions.  These  are: 
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1„  A  normal  expansion  for  logical  functions  has 
been  formed  which  has  some  unusual  metric 
properties.  A  study  of  these  properties  is 
still  in  progress. 

2.  The  theory  of  this  expansion  has  been  used 
to  generalize  a  number  of  previous  results. 

3.  A  generalization  of  this  normal  expansion 
has  been  applied  to  the  theory  of  error 
detection  and  correction  and  systematic 
methods  for  constructing  error  detecting 
codes  have  been  developed  In  this  way. 

h.    Application  of  this  same  theory  to  the 
simplification  of  circuits  have  been 
successful  and  a  number  of  circuits  have 
been  a  simplified  as  far  or  farther  than 
was  possible  by  conventional  methods. 

5.  A  code  has  been  written  to  allow  the  machine 
to  carry  out  the  algebraic  work  involved 
in  forming  the  expansion  described  here. 


VI  CONSTRUCTION 


1.  +680  volt  power  supply  completed 

2.  -2000  volt  power  supply  completed  except 

for  one  8020  socket 

3.  Covers  for  -2000  volt  supply  painted 
ho     Changed  DC  switch  on  computer 

5.  Changed  power  panel  on  Add.  Gen. 

6.  Sealed  leaks  in  air  conditioner 

?.  One  six  stage  logical  adder  completed 

8.  Enough  parts  made  to  construct  25  full 
6  gang  bay  three  dim.  chassis 

9.  7  double  transistor  sockets  made 


VII  SEMINARS 


November  18,  1952 

Proposed  Changes  to  Speid  up  Additions 

James  E.  Robertson 


-13- 


VIII  PERSONNEL 


The  personnel  associated  with  the  group  ©ad.  hence 
the  contributor®  to  this  report  are: 


Brovn,  Caroline 

Butler,  William 

Clutterh£un,D.  R. 

Cobb,  Bessie  (l/2  time) 

Gibson,  Margaret 

Gregory,  R.  T.  (l/2  time) 

House,  Uatalie  R. 

Huffman,  W.  L. 

Hughes,  E.  L.  (Term.  12/l 

Jones,  W.  E. 

Jarre tt,  T0 

Kerkerlng,  T.  E. 

King,  Richard  (l/2  time) 

Kudlich,  R0  A.  (1/2  time) 


.  Liu,  R.  C.  (Term,,  12/15) 

Leichner,  G  H.  (l/2  time) 

Lopeman,  H.  E. 

Meagher,  R»  E0 

Michael,  G.  W. 

Muller,  David 

Hash,  J»  P. 

Nevmark,  H.  H.  (Exec.  Comm. ) 

Robertson,  J.  E. 

Russell,  Ramona 

Fhapin^  Theodore 

Taub,  A.  H.  (l/2  time) 

Wier,  J.  M. 

Wheeler,  D.  J» 


Ro  E.  Meaghe 
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UNIVERSITY  OF   ILLIHOIS 
GRADUATE  CQLIECaS 
DIGITAL  COMPUTER 


TECHNICAL  PROGRESS  REPORT 


December  16,  1952-January  15,  1953 


I  MATH  GROUP  ACTXfXTff  (This  is  supported  in  part  by  (MR  Task  30) 

A  significant  gap  in  the  library  will  be  filled  when  a 
double  precision  routine  is  ceded.  Two  such  routines  are  now  nearly 
complete.  Both  are  interpretive  routines ,  one  being  fixed  point 
and  the  other  floating  'point. 

A  program  for  the  solution  of  the  two-dimensional  Laplace 
equation  for  an  arbitrary  boundary  has  been  tried  successfully  with 
two  examples* 

Data  about  time^  number  of  transformations  for  convergence 
end  ^>  r^  where  the  r^  are  residuals  have  been  obtained  for  seven 
matrices  of  orders  k,   8,  12  and  16  using  the  eigenvalue  codes  des- 
cribed in  a  previous  report,  Hhen  the ye  data  are  obtained  for  seven 
matrices  of  order  20,  a  table  displaying  the  results  will  be  con- 
structed. 

The  above  mentioned  matrices  were  generated  by  the  ILLIAC 
and  apparently  all  were  well-conditioned.  A  study  will  also  be  made 
of  matrices  with  close  eigenvalues  and  equal  eigenvalues. 

The  curved  shock  problem  contained  a  logical  error  which 
necessitated  rewriting  part  of  the  code. 

During  the  past  month  the  following  new  programs  have  been 
added  to  the  library z 

66,     Sine- cosine.  Using  IJR^  as  x  this  routine  places 
(sin  x)/2  in  storage  location  1 
(cos  x)/2  in  storage  location  2 
(sin  2x)/2  in  storage  location  0  and  in  Rg 
(cos  2x)/2  in  Rx. 
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67.  Neville' 8  interpolation  method.  This  routine 
interpolates  to  an  arbitrary  depth  in  one 

or  more  tables  which  are  stored  in  the  machine. 

68.  Cube  root.  This  routine  replaces  x  «  SR^  by  fs. 

69«  Address  search  II.  This  routine  locates  and 
prints  all  words  with  given  address  n. 

70,  Control  transfer  check*  This  routine  prints 
a  list  of  the  last  n  control  transfer  orders 
executed  by  a  program. 

71.  Inverse  interpolation.  This  routine  will  find 
a  real  root  of  f(x)  a?  0. 

Contributions  to  the  library  are  now  being  made  by 
prograinmers  outside  of  the  Computer  Laboratory.  The  two  interpola- 
tion routines  (67  and  71)  were  written  by  a  member  of  the  Physics 
Department  (Snyder). 

In  addition  to  the  computer  staff  there  are  now  22  people 
in  9  departments  of  the  University  actively  engaged  in  preparing 
programs  for  the  computer. 

The  following  list  gives  problem  specifications  for  new 
codes  which  were  tried  during  the  month.  It  does  not  indicate  how 
the  machine  was  used  because  problems  with  numbers  less  than  69  may 
have  consumed  large  amounts  of  machine  time. 


KUMBER 

69 

70 

71 


JgPJLjSM  SPECIFICATION 
Log  summation  to  analyse  operations 
Matrix  assembly  code 
Test  sine- cosine  routine 


AgTOWICg 
Computer 
Psychology 
Computer 
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HUMBER 
72 

73 
7^ 

75 
76 

77 

78 
79 

80 

81 

82 

83 

8^ 

85 
86 


PROBLEM  SPECIFICATION 

Solirs  5  simultaneous  linear  algebraic 
equations 

Machine  test  problem  (Carpet) 

Compute  similarity  measure  between 
response  patterns  in  public  opinion 
studies 

Preliminary  study  of  Eelium  Wave  Eq. 

Electron  cyclotron  trajectories  from 
relativistic  differential  equations 
of  motion 

Metric  relations  in  a  3<2  state  Boolean 
algebra  system 

Multiply  2   30  x  30  matrices 

Scale  computation  for  amplifier 
design  nomograph 

Coefficients  to  fit  random  walk  data 
by  least  squares 

Find  how  many  of  each  decimal  digit 
are  on  a  tape 

Given  a  symmetric  matrix  (a^)  to 
form  the  matrix  (ajj/  ^a"ii  ajj ) . 

Calculate  transition  probability 
integrals  using  shielded  hydrogen 
wave  functions 

Generate  wave  forms 

2-dimensional  Laplace  equation 

Compute  sums  of  squares  of  ror"  and 
columns  of  a  matrix 


AFFILIATION 
Physics 

Computer 

Inst.  Coram.  Res, 

Physics 

Electrical 
Engineering 

Computer 

Psychology 
Computer 

Computer 

Computer 

Psychology 

Physics 

Computer 
Computer 
Psychology 


87 


Address  search  routine 


Computer 
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NUMBER 
88 

89 
90 

91 
92 

93 

9^ 

95 

96 

91 

98 
99 

100 


FgQBLjjM  gggCETOmOg 

Field  distribution  in  a  thick  soles  :>i& 

Sorting  comparison 

Set  of  ordinary  differential  equations 
for  32  sets  of  initial  conditions 

Thermocouple  problem 

Solve  22   sets  of  linear  simultaneous 
algebraic,  equations 

Checking  routine  for  control  transfer 

Calculate  a  real  root  of  f  (x)  ■  0 

Double  precision  arithmetic 

Improved  solution  of  simultaneous 
linear  algebraic  equations  by  using 
residuals 

8  % 

Solve  (^   a^  cos  x.)/  ^-b^  cos  x^ 
j.  J- 

for  many  points 

Compute  arctangents  using  floating 
decimal  representation 

Solve  7  siiaultaneous  linear  algebraic 
equations 

New  leapfrog 


AFFILIATION 
Physics 

Computer 

Math 

Chem.  Eng„ 
Chemistry 

Computer 
Physics 
Computer 
Computer 


Electrical 
Engineering 


Computer 

Math 

Computer 


S  2SH  P£  3H  cagum 

Table  I  shows  the  distribution  of  machine  time  for  the 
interval  of  December  16,  1952  through  January  15,  1953. 
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table  I 


Engineering  time  normally  9- li  M  and  ^:30-p  PM 

2?h 

20m 

Engineering  time  at  other  times  due  to  failures 

30 

13 

Wheeler 

k 

52 

Nash 

3 

16 

Leichner 

1 

k9 

Clutterham 

13 

Sj.9 

King 

3 

05 

Gregory 

13 

57 

Cobb 

fco 

Muller 

3 

42 

Others  in  Computer  Group 

1 

17 

Classes 

2 

%2 

Physics 

19 

39 

C .  S„  lio 

20 

32 

Civil  Engineering 

15 

37 

Psychology 

16 

20 

Electrical  Engineering 

k 

52 

Institute  of  Corns,  Res. 

18 

Math  Statistics 

1 

13 

Chemistry 

29 

Chem.  Engr. 

1 

09 

Mathematics 

1 

17 

Wasted 

1 

kz 

RAR  and  Flaw  Test 

22 

kl 

leapfrog 

95 

38 

Demonstrations 

2 

sn 

Total. 

310 

50 

XII  ERROR  FREQUENCY  A®  PERFORMANCE 

The  machine  is  normally  used  for  "engineering"  and 
maintenance  between  8  AM  and  12  N,  and  for  a  eheck  of  its  per- 
formance between  k-.^O   PM  and  5:00  PM  of  each  weekday.  Since  the 
periods  between  8  in  the  morning  and  noon,  together  with  certain 
other  irregular  periods  like  Saturdays  and  Sundays,  are  devoted 
to  a  heterogeneous  group  of  functions,  it  is  more  instructive 


from  an  error  analysis  standpoint  to  look  at  the  periods  "between 
noon  and  midnight  of  each  weekday  in  order  to  make  an  observation 
of  the  error  frequency  in  the  machine.  1Mb  is  the  actual  period 
when  the  machine  is  designated  for  use.  With  this  In  mind  a 
summary  table  has  been  prepared  using  the  period  between  noon  and 
midnight  of  each  weekday.  This  table  lists  the  running  time  when 
the  machine  was  operating  properly,  the  amount  of  time  devoted  to 
repairs  because  of  breakdowns,  and  the  number  of  failures  while 
the  machine  was  listed  as  running..  During  the  4:30-5;00  period 
(when  the  machine  is  checked)  if  no  errors  are  found,  the  time 
is  given  to  the  "running  0.  K. "  column.  Each  failure  was  considered 
to  have  terminated  a  running  period  and  was  followed  by  a  repair 
period  to  be  consistent  in  the  method  of  preparing  this  Table «. 
Since  the  leapfrog  code  is  very  probably  our  most  significant 
machine  test,  the  length  of  time  which  it  has  been  used  on  the 
machine  is  listed  separately  together  with  the  number  of  errors 
associated  with  that  particular  code.  This  information  for  the 
month  is  presented  as  Table  II.   (Continued  next  page) 
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It  may  he   seen  from  this  Table  that  the  leapfrog 
operated  about  k  2/3  hours  per  error.  Overall  the  machine  operated 
about  9  hours  -per  error. 

On  January  7  »*  8:U2  AM  the  +680  volt  power  supply  failed. 
It  had  been  planned  to  install  the  logical  adder  starting  January  8. 
Since  the  «N>80  volt  power  supply  is  not  used  -with  the  new  adder 
it  was  decided  to  install  it  one  day  earlier  than  planned  -  so  that 
the  #680  volt  power  supply  would  not  need  to  be  repaired.  This 
was  done  and  the  table  lists  one  error  because  of  this  failure 
but  no  repair  time  is  listed,  !Hhe  machine  was  put  back  into  use 
at  5*15  B5  January  9-  Except  for  this  irregularity  the  table 
is  prepared  just  as  in  previous  reports., 

II  COJME33TS  CM  THE  MftCHTJE 
A .  Memory 

Four  cathode  ray  tubes  were  changed  in  the  machine  during 
the  month.  Two  of  these  were  changed  for  poor  read  around  ratio 
since  a  new  supply  of  3KP1  tubes  has  been  received.  One  tube  was 
changed  because  of  focusing  difficulties  and  the  fourth  was  changed 
because  of  a  bad  aquadag  connection. 

One -hundred  3&P1  cathode  ray  tubes  have  been  received  on 
a  recent  order.  Approximately  fifty  of  these  tubes  have  read  around 
ratios  in  excess  of  forty  according  to  our  standard  tests  but  some 
of  theEe  fifty  may  have  f  lava  which  will  make  them  unsuitable  for 
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use  in  the  machine.  vBie   read  around  ratio  in  the  machine  at  the 
present  time  is     that  there  is  usually  one  printout  at  a 
read  around  of  forty  after  two  tests. 

Our  present  road  around  tests  are  made  with  the  memory 
cleared  to  dots  In  that  half  of  the  tube  in  which  the  read  around 
test  is  "being  carried  out.  If  the  memory  is  cleared  to  dashes 
instead  of  dots  then  the  number  of  print-outs  is  about  three  at 
thirty  and  eighteen  at  forty.  It  la  therefore  clear  that  our  read 
around  test  should  be  altered  to  consider  this  more  unfavorable 
case. 

B.  Hew  Adder 

On  Wednesday,  January  7,  1953  the  wew  logical  adder 
mentioned  in  the  last  report  was  installed  In  the  machine.   The 
carry  propagate  time  in  'this  adder  was  measured  in  the  machine 
to  be  two  microseconds  and  the  carry  collapse  time  was  measured  to 
be  three  microseconds .  These  times  may  he  compared  with  carry 
times  of  about  9  l/2  microseconds  for  the  older  adder.  It  has 
therefore  been  possible  to  reduce  the  time  allowed  for  a  carry  in 
the  execution  of  any  order  requiring  addition.  This  has  affected 
the  speed  of  the  machine  on  multiplication  and.  division  orders 
but  not  on  addition  orders .  The  addition  orders  still  require 
four  regeneration  periods  and  hence  there  is  no  reduction  in  the 
operation  times  for  the  addition  orders.  Table  III  shows  the 
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present  operation  times  for  multiplication  aod  division,  as 
veil  as  the  times  with  the  older  adder. 

TABXJ!  Ill 

2£5  £S!S   ISM  ADDER 
Multiply 

Multiplier  all  zeros       668  p.sec   6*1-0  jisec 
Multiplier  all  ones       1148  u.sec   820  jjisec 

Division  11^8  usee   780  usee 

Sinee  the  regeneration  period  is  now  about  21. h  jxseconds 
as  compared  to  the  previously  reported  figure  of  22. ^  useconds, 
the  multiplication  time  with  all  zeros  (not  affected  by  the  new 
adder)  is  slightly  shorter  than  reported  earlier.  The  multiplication 
with  all  ones  and  the  division  times  tire  perceptively  different 
because  the  left  and  right  shift  times  are  somewhat  different. 
Except  for  inaccuracies  the  operation  times  should  be  an  integral 
multiple  of  21 A  microseconds. 
C .  General 

The  introduction  of  the  new  adder  has  eliminated  the 
need  for  a  680  power  volt  supply.  After  the  introduction  of  the 
new  adder  a  test  was  made  of  the  allowable  values  of  each  of  the 
four  main  power  supplies  to  ascertain  where  a  failure  would  occur. 
Table  IV  shows  in  the  first  column  the  nominal  value  of  the  power 
supply  voltage,  in  the  second  column  the  highest  absolute  value 
of  the  corresponding  voltage  which  does  not  cause  trouble  in  the 
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Eachine  &M  in  the  third  column  the  lowest  value  of  the  absol.1 
voltage  which  does  act  cause  an  error  or  "hang-up"  in  the  machine, 
The  remark  associated,  with  each  tolerance  limit  indicates  the 
type  of  fault  which  occurs .  The  t       j-arried  out  using  the 
crippled  leapfrog  routine. 


;  xv 

ov 

*322¥ 
(Error) 

(Iisag-up) 

4 

4l66¥ 
(Haag-up) 

titev 

(Error) 

4100V 

*103¥ 
(Haag-up) 

(Eang-up) 

-300Y 

.325?      ■ 

(Sang- tip  5 

(Haag-up) 

At  the  present  tifl»    h  of  the  main  line  voltages  is 
being  checked  to  ascertain  that  no  excursion  greater  than  5$  o£ 
the  value  of  the  line  vc         place  during  the  operation  of 
the  machine.  The  :-  ".lied  aft»r  the  machine  was 

ia  use  1707  hours  according  to  its  running  meter.  The  machine 
has  been  used     b  lSog  hours  wl       r  (P°rt  is  written.  The 
new  adder       :;he  number  of  tubes  in  the  machine  from  2879 
to  277H, 


A  report  is  being  prepared  on  the  study  of  logical  circuits, 
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A  study  is  being  made  of  the  arithmetic  control  and  certain 
simplifications  that  could  be  made  in  it,  perhaps  to  be  carried 
out  at  the  same  time  that  the  orange  gate  is  added. 

Work  or  the  drum  circuits  is  continuing. 

Some  considerable  time  has  been  spent  investigating 
certain  anomalies  in  the  static  collector  characteristics  of 
some  type  1768  transistors .  These  anomalies  indicate  the  presence 
of  negative  resistance  regions  in  both  the  high  and  the  low 
current  portions  of  the  curves.  Some  direct-coupled  logical 
circuits  have  been  considered  using  these  transistors  and  these 
are  being  studied. 

A  new  leapfrog  routine  has  been  written  and  partially 
tested. 

VI  CONSTRUCTION 

1.  Added  neon  indicator  on  C.R.T.  filament  potential. 

2.  Logical  adder  built  and  installed  in  computer. 

3.  Repaired  printer  circuit. 

h.  Painted  and  installed  input-output  covers. 

5.  Repaired  punch. 

6.  Repaired  catch  on  Ferranti  tape  reader. 

7.  Built  amplifier  and  logical  circuit  for  core  memory. 

10.  Built  driver  for  core  memory. 

11.  Some  work  on  final  covers. 
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VII  SEMINARS 


December  17,  1952 

A  Logical  Adder 
Joseph  M.  Wier 

January  lH,  1953 

Metric  Properties  of  Boolean  Algebra 
David  E.  Muller 
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UHXTCERSm  OP  XU^NQIS 
GRA330ATE  COUEG0S 
DIGITAL  COMPUTER 


OSCBESCAL  EROSHESS  KEPORf 


January  16,  1953  -  February  15,  1953 


I  MATH  GROUP  ACTIVITY   (This  Is  supported  in  part  by  GBR  Task  30) 

The  computation  of  matrix  data  mentioned  ia  the  last  report 
has  been  completed.  Data  ok,  time  of  calculation,  number  of  transformations, 
and  turn  of  squares  of  residuals  have  been  obtained.  A  report  of  the  results 
is  nov  being  prepared  for  publication. 

Estimated  ccsspirtlng  time  remaining  to  finish  the  curved  shock 
problem  is  60  hours.  Oae  set  of  the  families  of  curves  had  several  infinities 
In  it  and  the  analysis  required  a  diminished  mesh  size  in  the  auxiliary 
subroutine. 

A  program  for  computing  residuals  in  the  solution  of  simultaneous 
linear  algebraic  equations  ha©  been  written-  With  this  program  it  is  possible 
to  Increase  the  accuracy  of  solutions  which  have  already  been  obtained  with 
standard  library  codes  k'{  or  *>!♦ 

Studies  have  begun  on  the  problem  of  accelerating  the  convergence 
of  solutions  of  partial  differential  equations. 

Four  chapters  of  asn  internal  report  on  metric  properties  of 
Boolean  algebra  and  their  applications  to  switching  circuits  have  been  completed. 
This  report  will  contain  results  which  will  soon  be  submitted  for  publication., 
HEW  LEAPFROG 

A  new  leapfrog  test  program,  Leapfrog  II,  Is  now  being  used. 
Leapfrog  H  tests  the  machine  more  thoroughly  than  Leapfrog  I  did  and  upon 
failure  provider  lnf oraatlon  which  makes  fault-finding  easier  than  It  was 
vlth  the  old  program,, 
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The  program  contains  three  main  teats?  multiplication, 
dlylBlon  and  corapariwono  The  comparison  teat  i©  used  to  check  the  results 
of  other  minor  teats »  Thefise  other  testa  are  input-output,  carry  propagate, 
left  ahifi;,  logicsti  product,  right  shift  with  all  ones,  right  ahift  with 
all  aeros,  and  an  extra  input  ^output;  teat  which  la  performed  every  128 
Jumpa  (a  minor  cycle)* 

Five  copies  of  the  routine  are  carried  in  the  memory.  The 
working  copy  ia  copy  3>  which  contains  the  orders  actually  being  obeyed. 
The  routine  haa  to  transfer  128  word®  in  order  to  leap,  and  the  multiplication 
and  divlalon  teat®  are  each  performed  once  for  each  word  that  la  tranaf erred „ 
The  working  copy  takes  one  word  from  copy  2  and  tranalatee  it  into  words 
•ui table  for  copy  1  and  copy  5*  The  word  for  copy  1  lis  placed  in  poaitlon 
and  the  other  translated  word  la  compared  with  the  correaponding  word  of 
copy  5'    If  it  disagrees  the  comparison  test  fails  and  the  machine  stops. 
There  are  then  printed  out  the  correaponding  worde  for  copies  2,  3,  %  and 
5  together  with  their  locations  in  the  memory..  This  is  followed  by  the 
addreases  of  the  first  word  of  the  working  copy  and  of  the  word  being 
transferred  and  then  the  word  from  copy  2  translated  into  copies  1  and  5° 
Finally  the  difference  between  the  two  versions  of  copy  5  is  printed. 

If  the  multiplication  or  division  teats  fail,  the  machine 
•tops  and  then  a  set  of  18  numbers  giving  pertinent  data  ia  printed. 

When  no  failures  occur ,  after  128  words  have  been  transferred 
from  copy  2  to  copy  1  a  leap  occurs  and  the  old  copy  2  now  becomes  the 
working  copy.  After  about  20  minutes  of  operation  er^ty  word  of  the 
working  copy  has  occupied  every  position  of  the  memory- 
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As  the  program  is  running  the  input  and  output  are  checked 
by  reading  back  the  punched  output  tape. 

During  the  -past  month  the  following  net?  programs  have  been 
added  to  the  library. 

72.  A  search  for  the  real  rootf  of  f(x)«0 

73.  Leapfrog  II 

7%.  Improved  solution  of  simultaneous  linear 
algebraic  equations  by  nee  of  residuals 

75.  Parasseter-Kct  prist.  This  progress  will  print 
the  content s  of  IU  as  a  decimal  or  fraction, 
with  or  without  sign,  to  n  £  11  decimal  places „ 

Program  72  was  written  by  Professor  J.  W.  Synder  of  the 
Physics  Department. 

The  following  list  gives  problem  specifications  for  new 
codes  which  were  tried  during  the  month.  It  does  not  indicate  how  the 
machine  was  used  because  problems  with  numbers  less  than  101  may  have 
consumed  large  amounts  of  machine  time. 

MUMBER  PROBLEM  SPECIFICATION         AgPXLIATIOH 

101  Calculation  of  covariance       Psychology 

102  Calculation  of  trigonometric 

tables  at  intervals  of  j?/20,000   Electrical 

Engineering 

103  Solution  of  simultaneous  linear   Math 
algebraic  equations 

10*1-  Leapfrog  post  mortem  Computer 

105  Test  print  routine  Computer 

106  Feedback  amplifier  design       Computer 

107  Acoustic  lens  design  Electrical 

Engineering 
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BUMHER  PROBLEM  SPECXPICATIOlf  AFFTULkTKX 

108  Matrix  column  sums  Psychology 

109  Meson-nucleon  cross  sections  Physics 

110  Symmetric  to  triangular  matrix  Psychology 

111  91m  Physics 

Dr.  C.  F.  Wrigley  of  the  Psychology  Department  has  supplied 
the  following  list  of  machine-tested  programs  which  were  written  and  are 
being  used  by  the  Psychology  Department.  It  is  expected  that  many  of  these 
will  be  incorporated  into  the  Computer  library. 

1.  Principal  axes  factor  loadings  (A  development  of 
Illinois  Code  ^2) 

2.  Reduction  of  a  matrix  to  triangular  form  -  i.e., 
square  root  factor  analysis 

3.  Correlations  between  dichotomous  variables  -  i.e., 
phi  coefficients 

k.    Covarlances  between  dichotomous  variates 

5.  Conversion  of  a  product  matrix  to  standard  form  - 
I.e.,  conversion  of  covarlances  to  correlations 

6.  Matrix  multiplication 

7.  Sums  of  ciquares  of  rows  and  columns  of  a  matrix 

8.  Transposition  of  a  matrix 

9«  Scaling  of  IB!  "Type  63  tapes. 

II  UBS  GET  THE  COMPUTER 

Table  1  shows  the  distribution  of  machine  time  for  the 
interval  January  16  through  February  15,  1953; 
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TIME 

Engineering  Tims  8-12  2?:  20 

Engineering  Tine  at  other  times  23 :  (A 

Computer  Group 

Wheeler  2*:  17 

Lelchaer  5:09 

Clwtterham  9&s5Q 

King  3:39 

Gregory  5s^l 

Cofob  2:1^ 

Muller  :%0 

Class  Students  $:Uh 

BeiJ&rtment 

Physics  12:32 

CSL  21:16 

Civil  Engineering  6:28 

Psychology  25^52 

Electrical  Engineering  l£i0k 

Ineto  Coram.  Res.  :31 

Chemical  Engineering  3:09 

Mathematics  :  53 

Physical  Education  :11 

Demonstrations  '  lsl6 


Wasted  3*19 

BAR  23*59 

Leapfrog  80s  10 

Total  Hours  in  Use  368:19 


III  ERROR  ffOgQUEBCI  AHB  KERPORMASCB 

The  machine  is  normally  used  for  "engineering"  and  maintenance 
between  8  Alt  and  12  E,  and  for  a  check  of  its  performance  between  %:30  PM 
and  5:00  PM  of  each  weekday*  Since  the  periods  bettpeen  8  in  the  morning 
and  noon,  together  with  certain  other  irregular  periods  like  Saturdays  and 
Sundays,  are  devoted  to  a  heterogeneous  group  of  functions,  It  is  more 


Instructive  from  an  error  asialy-sls  standpoint  to  look  at  the  periods 
between  noon  and  midnight  of  each  weekday  in  order  to  make  an  observation 
of  the  error  frequency  in  the  machine.  This  is  the  actual  period  -when 
the  machine  is  designated  for  use*  With  this  in  mind  a  summary  table 
has  been  prepared  using  the  period  between  noon  and  midnight  of  each 
weekday.  This  table  lists  the  running  time  when  the  machine  was  operating 
properly,  the  amount  of  time  devoted  to  repairs  because  of  breakdowns, 
and  the  number  of  failures  while  the  machine  was  listed  as  running.  During 
the  V:30-5*00  period  (when  the  machine  is  checked)  if  no  errors  are  found, 
the  time  Is  given  to  the  "running  0.  K."  column.  Bach  failure  was  considered 
to  have  terminated  a  running  period  and  was  followed  by  a  repair  period  to 
be  consistent  In  the  method  of  preparing  this  Table.  Since  the  leapfrog 
code  is  very  probably  our  most  significant  machine  test,  the  length  of 
time  which  It  has  been  used  on  the  machine  Is  listed  separately  together 
with  the  number  of  errors  associated  with  that  particular  code.  This 
Information  for  the  month  is  presented  as  Table  Ho 
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X?    COMKEHTS  OB  mCEtm 
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A.  Memory 

Five  3^*3.  cathode  ray  tubes  were  replaced  during  the  month. 
Four  of  these  were  replaced  in  order  to  itaprove  the  RAR  and  one  was 
replaced  because  of  a,  flaw.  Sfo  memory  ch&seis  was  replaced  or  repaired 
during  the  month. 

From  the  group  of  100  JIJPl's  that  were  received  about  six 
weeks  ago  19  tubes  have  read-around  ratios  ia  excess  of  kS  and  are  free 
from  flswf » 

Changes  ia  vistnazy  synchronisation  and  memory  control  hare  made 
it  possible  to  reduce  the  memory  period  from  22  ^seconds  to  18  ^seconds. 

B.  ffew  Adder 

Since  the  new  logical  adder  was  Installed  and  put  into  service 
there  have  been  no  failure©  which  could  be  attributed  to  the  adder  circuit. 
Co  Input-Output 

During  the  month  a  considerable  amount  of  difficulty  and  a 
number  of  failures  were  due  to  the  input  and  output  parts  of  the  machine  * 
Tbia  can  be  seen  by  inspection  of  Table  II.  In  fact,  23  out  of  the  kl 
errors  were  associated  with  input-output.  Some  failures  in  the  punch 
were  due  to  the  fact  that  some  of  the  parts  were  vibrated  until  they  were 
loose.  In  addition  to  this  some  errors  occurred  because  the  cathode 
followers  providing  Information  for  the  output  circuits  were  found  to  have 
RF  oscillations.  One  of  the  failures  with  the  output  was  due  to  a  shorted 
tube  in  the  decoding  chassis  associated  with  input  or  output  and  operate. 
Failures  In  the  Ferranti  tape  reader  were  found  to  be  due  to  slots  cut 
in  the  guide  pins  by  the  tape  since  the  reader  was  put  into  operation 
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Do  Teat  of  Tubes 

A  sample  of  kB  tabes  was  removed  from  the  RII  register  in 
order  to  check  on  their  condition.  It  was  found  that  a  number  of  the 
tubes  had  some  leakage  current  between  the  filaments  and  cathode  and 
In  some  cases  between  grids  and  filaments.  Wo  shorts  or  other  difficulties 
were  found  which  would  indicate  that  an  error  might  be  caused  by  the  tubes 
or  that  a  wholesale  tube  replacement  program  should  be  started.  The  machine 
has  been  operated  about  &l$k  hours. 

V  RESEARCH  AMD  BEVELggMBgft  (Supported  in  part  by  Cm  Task  2k) 

The  design  of  sway  of  the  circuits  for  the  drum  memory  has 
been  completed,  The  circuits  associated  with  the  drum  memory  and  their 
drawing  sauatbers  ar«';  shown  in  Table  III. 
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A  net?  high  speed  comparator  for  paper  t&pee  ha®  heart  put  into 
use.  It  uses "two  Western  Union  tape  readers  and  operate*  at  about  20 
sexadecimal  characters  per  second.  A  new  "ma&ium  speed"  tape  reader  for 
the  computer  Is  being  designed  and  tested.  fU.c  l&   intended  to  act  as  a 
substitute  during  periods  when  the  Jterr&nti  tape  redder  is  being  serviced. 

H  corenrocnog 

1.  One  tape  comparator  unit 

2.  Eight  pulsars  for  core  memory 

3.  Tape  spool  for  transmitter  distributor 

k.    Model  drum  playback  amplifier  and  record  tube 

5.  Model  of  drum  playback  output  amplifier 

6.  Word  counter  for  drum  memory 

7«  Secondary  matrix  (M-^53)  for  drum  memory 

8.  Secondary  matrix  (M-fe^fe)  for  drum  memory 

9.  Swo  pulser  chassis  (six  pulses)  for  drum  memory 

10.  Window  frames  for  final  computer  covers  partly  finished 

11.  Pawl  and  guide  plate  for  new  output  punch 

12.  Model  of  Eddy  current  clutch  as  take-up  unit  for  tapes. 

VII  SBMXHARS 

January  21,  1953 

HIGH  HafSm  MACW3KC  RECORDING 

Iheodore  Shapin  Jr. 

January  28,  1953 

Proposed  Arithmetic  Control  Changes 

James  E.  Robertson 

February  11,  1953 

RECE1T  BSmOPMEHTS  HI  WILLIAMS  !RTPE  STORAGE 

Joseph  M.  Wier 
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MMEH  GROUP  ACTIVITY  (This  is  supported  in  part  by  ONR  Task  30) 

The  originally  planned  computation  on  the  curved  shock  problem 
has  been  completed .  Results  Indicate  the  need  for  running  portions  for 
intermediate  parameters  which 'were  not  ejected  to  be.  needed.   This  is 
necessary  to  locate  more  precisely  a  transition  in  the  graphs.  The  areas 
in  question  will  require  a  considerable  amount  of  computing  time  to  supply 
results  of  the  desired  accuracy. 

The  program  for  solving  the  refraction  problem  (a  plane  shock 
wave  incident  upon  a  gaseous  interface  and  producing  reflected  and  refracted 
waves)  has  been  written  up  and  will  be  placed  in  the  library.  The  code 
can  be  used  with  parameters  giving  shock  strength  and  gas  characteristics. 

A  double  precision  program  of  the  interpretive  kind  has  "been 
added  to  the  library.  This  is  Code  kj.     A  multiple  precision  floating 
point  program  has  also  been  completed.  This  interpretive  routine  works 
to  70  binary  digits  (21  decimal  digits)  using  a  floating  binary  representa- 
tion in  the  machine .  Input  and  output  are  in  floating  decimal  form  with 
the  exponent  ranging  ever  the  values  -36  to  *36°  This  program  (referred  to 
as  the  1.8  Precision  Routine)  will  not  be  added  to  the  library  because  it 
contains  an  order  (FO)  which  will  be  obsolete  when  certain  control  changes 
are  made.  A  new  version  is  being  prepared. 

Studies  on  convergence  of  solutions  of  partial  differential 
equations  are  continuing  using  Laplace's  equation.  The  number  of  iterations 
required  for  convergence  of  Frenkel's  extrapolation  of  the  Liebmann  method  are 
being  determined . 
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Further  work  on  read-around  tests  has  been  done,  aed  several 
new  read  around  codes  were  written.,  Modifications  Include: 

a)  Not  checking  spots  in  serial  fashion  but  skipping  in 
the  test  procedure  to,  say,  the  9th  spot  ahead  each  time. 

b)  Printing  results  decimally 

c)  Testing  on  a  field  of  dashes 

d)  Eliminating  the  feature  permitting  tests  on  a  512 -word 
memory. 

Recent  changes  in  the  memory  (see  Section  IV)  have  increased 
the  read-around  ratio  so  much  as  to  make  existing  read-around  programs 
almost  useless.  A  new  code  is  now  being  written  which  will  take  new 
characteristics  into  account  and  will  sense  both  changes  to  zeros  and 
changes  to  ones  in  the  course  of  a  test.  Meanwhile  a  code  has  been  written 
to  do  testing  until  the  other  is  complete. 

The  internal  report  on  metric  properties  of  Boolean  algebra 
has  been  finished  and  four  of  the  sevel  chapters  have  been  typed. 

During  the  past  month  the  following  new  programs  have  been 
added  to  the  library: 

^5.   Double  precision  arithmetic 

j6.       Sum  memory  and  check.  This  program  is  an  interlude 
which  sums  the  memory  before  the  main  program  is 
run.  It  is  intended  for  use  on  long  program  tapes 
which  are  used  frequently. 

77 •   Arctangent  in  degrees.  This  program  is  used  with 
an  arctangent  routine. 

1.8  Precision  Floating  Point.  This  program  will 
be  available  for  use  but  will  not  be  put  in  the 

library. 
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The  following  list  gives  problem  specifications  for  new 
codes  which  were  tried  during  the  month.  It  does  not  indicate  how  the 
machine  was  used  because  problems  with  numbers  less  than  112  may  have 
consumed  large  amounts  of  machine  time. 


HUMBER 


112 


PROBLEM  SPECIFICATION 


Topological  invariants  in  con- 
figuration matrix 


AFFILIATION 


Math 


113 

1.8  Precision  Routine 

Computer 

11^ 

Read- around  test 

Computer 

115 

Tibrating  cylinder  problem 

Physics 

116 

Sum  memory  and  check 

Computer 

117 

Electron  trajectories 

Eiec.  Engr. 

118 

Logical  algebra  for  circuit 
simplification 

Computer 

119 

Path- length  distribution  in  random 
walk 

Computer 

120 

Solve  8  simultaneous  algebraic 
linear  equations 

Chem.  Engr. 

121 

Demonstration  problems  for  coding 
and  programming  class 

Computer 

122 

Chi  square  analysis 

Psychology 

II   USE  OF  TEE  COMPUTER 


Table  I  shows  the  distribution  of  machine  time  for  the  interval 
February  16  through  March  15,  1953. 
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TAELE  I 


TIME 


Engineering  Time  8-12 

kZill 

Engineering  Time  at  other  Times 

26ihk 

Idle 

2:27 

Read-around  ratio 

20:33 

Leapfrog 

71:33 

COMPUTER  GROUP 

Wheeler 

8;^2 

Nash 

:  35 

Leichner 

2:26 

Clutterham 

87-18 

King 

3^9 

Cobb 

l:k& 

Muller 

2:05 

Others 

3:22 

Classes 

2:10 

Physics 

8:59 

Control  Systems  Lab 

32:30 

Civil  Engineering 

:53 

Psychology 

19:39 

Electrical  Engineering 

2:26 

Math  Statistics 

:l6 

Chemical  Engineering 

2:59 

Mathematics 

8:01 

Demonstrations 

2:38 

Total  Hrs.  in  Use 

35^:0^ 

ERROR  FREQUENCY  AND  PERFORMANCE 

The  machine  is  normally  used  for  "engineering"  and  maintenance 
between  8  AM  and  12  N,  and  for  a  check  of  its  performance  "between  ^:30  FM 
and  5:00  PM  of  each  weekday.  Since  the  periods  between  8  in  the  morning 
and  noon,  together  with  certain  other  irregular  periods  like  Saturdays 
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and  Sundays,  are  devoted  to  a  heterogeneous  group  of  functions,  it  is  more 
instructive  from  an  error  analysis  standpoint  to  look  at  the  periods  between 
noon  and  midnight  of  each  weekday  in  order  to  make  an  observation  of  the 
error  frequency  in  the  machine .  This  is  the  actual  period  when  the  machine 
is  designated  for  use.  With  this  in  mind  a  summary  table  lias  been  prepared 
using  the  period  between  noon  and  midnight  of  each  weekday*  This  table 
lists  the  running  time  when  the  machine  was  operating  properly,  the  amount 
of  time  devoted  to  repairs  because  of  breakdowns,  and  the  number  of  failures 
while  the  machine  was  listed  as  running.  During  the  k: 30-5:00  period 
(when  the  machine  is  checked)  if  no  errors  are  found,  the  time  is  given 
to  the  "running  O.K."  column.  Each  failure  was  considered  to  have  terminated 
a  running  period  and  was  followed  by  a  repair  period  to  be  consistent  in 
the  method  of  preparing  this  Table .  Since  the  leapfrog  code  is  very 
probably  our  most  significant  machine  test,  the  length  of  time  which  it  has 
been  used  on  the  machine  is  listed  separately  together  with  the  number  of 
errors  associated  with  that  particular  code*  This  information  for  the  month 
is  presented  as  Table  II. 
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IV      CCMNESnS.  ON  MACEXHE 


■ 

A.  Memory 

During  the  month  six  cathode  ray  tubes  were  changed  in  the 
machine  memory .  -Three  of  these  tubes  were  changed  to  improve  the  RAH 
in  the  machine,  two  were  changed  because  of  flaws  and  one  was  changed  for 
an  indirect  reason  which  will  be  explained  later. 

Tiro  chassis  were  changed  during  the  month.  (Me  of  these  was 
changed  because  random  errors  were  found  in  it.  The  first  amplifier 
tube  had  Intermittent  short  circuits;  the  other  chassis  was  changed 
because  a  leaky  (oil)  condenser  was  found.  The  chassis  was  changed  even 
though  no  errors  were  produced  by  the  leakage  of  oil. 

On  Saturday,  March  7  tbe  memory  sensing  system  used  in  the 
ILLIAC  was  considerably  altered.  The  sensing  system  installed  at  this 
time  is  based  upon  a  suggestion  made  by  Mr.  Thorenson  of  the  SWAC  and, 
very  briefly,  senses  the  dot  or  dash  at  the  time  location  corresponding 
to  the  second  spot.  Because  of  the  way  in  which  our  present  memory  circuit 
is  designed  the  system  now  being  used  is  actually  a  three  dot  Williams 
memory  system  with  the  sensing  taking  place  in  the  second  dot  position. 
The  difference  between  a  dot  and  a  dash  depends  upon  whether  or  not  the 
beam  is  turned  on  in  the  position  of  the  third  spot  (which  is  also  at  the 
location  of  the  first  spot).  A  more  detailed  description  of  this  arrange- 
ment will  be  available  in  a  report  soon.  Prior  to  this  change  the  memory 
has  been  operating  with  a  minimum  EAR  of  30  using  our  standard  RAR  routine. 


With  the  change  which  has  been  recently  Incorporated,  the 
BAR  is  a  minimum  of  80.  It  required  two  days  after  the  memory  was  altered 
to  make  all  of  the  necessary  changes  and  adjustments  and  to  eliminate 
the  flaws. 

One  tube  was  removed  because  its  cut-off  characteristic  was 
much  less  "sharp"  than  the  others.  Shis  appeared  to  be  important  in  the 
new  sensing  system  and  would  not  have  been  changed  otherwise. 

B.  Input- Output 

The  difficulties  occuring  with  the  input-output  during  the 
previous  month  have  been  largely  eliminated. 

C .  General 

The  machine  has  operated  about  2513  hours  to  date.  The  total 
number  of  tubes  (excluding  cathode  ray  tubes)  ifhlch  have  been  recorded 
as  failures  during  this  Interval  Is  93 • 

V   RESEARCH  AM)  g^LOjMEljT  (Supported  in  part  by  ONR  Task  2*0 

A  new  circuit  has  been  designed  which  permits  a  greater  degree 
of  flexibility  in  testing  of  transistor  characteristics.  Tests  are  now 
being  made  to  observe  the  speed  with  which  certain  of  the  transistor 
characteristics  respond  to  changes  in  other  parameters. 

A  logical  diagram  of  the  drum  circuitry  has  been  drawn.  A 
sample  recording  circuit  and  playback  circuits  have  been  made  and  tested. 
Some  difficulty  is  still  present  Involving  the  tolerances  of  the  signals 
received  from  the  reading  heads.  In  some  of  the  reading  heads  the  signals 
received  on  playback  at  the  highest  recording  density  expected  (108  bits 
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per  Inch)  is  only  about  O.k  of  the  signal  obtained  at  much  smaller 
recording  densities,,  Cn  other  heads  this  factor  Is  about  0.6.  A 
study  Is  being  made  of  all  the  heads  available. 

For  purposes  of  amplifying  the  playback  signal  and  dis- 
tinguishing it  from  the  switching  and  recording  signals  there  are  currently 
two  short  time  constants  designed  In  the  amplifier  system.  These  time 
constants  cannot  be  the  same  without  producing  a  rather  considerable 
amount  of  overshoot.  This  may  force  us  to  require  a  larger  waiting 
time  between  a  record  order  and  a  read  order  than  between  two  read  orders. 

Plans  are  being  made  to  3?educe  the  operation  time  for  an 
addition  order  by  gating  straight  down  from  R  to  R.  in  the  accumulator 
thus  reducing  the  time  required  for  an  addition  order  by  a  shift  time 
of  16  ueeconds.  This  change  contemplates  the  use  of  gate  tubes  already 
installed  in  the  RI  registers  and  which  are  now  being  referred  to  as 
the  "orange  gate".  Changes  to  be  made  when  the  new  arithmetic  control 
is  installed  will  provide  for  two  new  types  of  orders  characterized  by 
the  A  function  digits  F  and  K.  The  orders  are  the  same  as  the  L  aM  S 
orders,  except  that  the  carry  insertion  into  the  least  significant  stage 
of  the  adder  is  reversed  for  the  F  and  K  orders 5  that  is,  a  carry  digit 
Is  inserted  during  an  addition  and  is  not  inserted  during  a  subtraction. 

Examples:       W%   E'  Replaces  MR.  by  H(n)  +  -2,"^ 


Kl  n  Replaces  BR  by  the  digitwise 
complement  of  NRp. 

The  status  of  the  drawings  for  this  change  Is  as  follows s 
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L-^91   Logic  of  Control  for  Arithmetic 

S-ifr90   Gate  Driver  RII) 

.  I8fl   _  .    „,   .  *     Not  checked  -  Replaces  S-171 
S-U87   Driver  Chassis  } 

The  following  drawings  will  have  to  he  redrawn: 

L-2kh      Arithmetic  Control     (The  rough  drawing  is  complete) 
S-201   Gate  Driver  RI 

The  following  drawings  will  require  changes? 

M-3^3  Arithmetic  Stop  Chassis 

L-396  End  Connections 

M-l8l  Shift  Sequence  Chassis  (All  circuits  designed) 

L-^82  Decoding  Chassis 

L-428  Memory  Control 

D-359  *S  Register 

IA67  Adder   (Circuits  for  half -adder  net  designed) 

VI   COHSTRUCTIQft 

1.  Circuits  for  drums 

a.  Gating  control  (M-^78) 

b.  Clear  Driver  and  origin  synchronization  (M-Vf6) 

c .  Primary  matrix  (K-hjl) 

d.  Record  gating  (M-HW 

e.  Playtmck  gating  (M-Vj7) 

f.  Coincidence  (M--V72) 

2.  Experimental  circuits  for  drum 

a.  815  and  pre-amplifier  chassis 

b,  Model  of  main  drum  amplifier 

3.  Slow  speed  input  using  Western  Union  reader  at  15 

sexadecimal  characters  per  second. 

k.     Model  of  photoelectric  tape  reader  for  tape  comparison.. 
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February  25,  1953 
INTERACTION  OF  CURVED  SHOCKS 
D.  R.  Clutterhora 

March  k,  1953 
LEAPFROG  II 
D.  J.  Wheeler 

March  11,  1953 

MULTIPLE  PRECISION  ROUTINES 

Miss  Bessie  Cobb 

March  18,  1953 

DIGITAL.  COMPUTER  METHODS  FOR  SOLVING  LINEAR  ALGEBRAIC 
EQUATIONS  AND  FINDING  EIGENVALUES  AND  EIGENVECTORS 
J.  P.  Nash 
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UNIVERSITY  OF  ILLINOIS 
GRADUATE  COLLEGE 
DIGITAL  COMPUTER  LABORATORY 


TECHNICAL  PROGRESS 
REPORT 


March  lfi,  1953   April  15,  1953 


MATH  GROUP  ACTIYITI    (This  is  supported  In  part  by  CM   Task  30) 

About  four  more  hours  of  computing  time  should  finish  the 
curved  shock  problem.  Two  final  runs  near  extreme  values  of  the  pressure 
ratio  across  the  incident  shock  were  made  and  now  there  remain  only  a 
few  roots  to  be  re-run  to  obtain  their  associated  quantities. 

Work  is  being  done  on  coding  Poisson*s  equation  in  two 
dimensions  for  an  arbitrary  region.  Half -precis  ion  numbers  are  being  used 
so  as  to  double  the  number  of  available  grid  points. 

The  new  multiple  precision  floating  point  program  is  being 
checked.  Besides  containing  no  obsolete  orders  this  program  differs  in 
several  respects  from  the  one  being  used  now.  The  output  (which  can  be 
20  decimals)  is  rounded  off,  and  it  is  possible  to  specify  the  number 
of  places  printed  by  the  address  of  the  print  order.  The  present  program 
has  a  fixed  number  of  printed  digits  specified  by  a  preset  parameter  and 
prints  an  unrounded  answer. 

A  new  read  around  test  has  been  completed  and  Is  now  being  used. 
It  has  the  following  characteristics,  many  of  which  are  similar  to  the 
old  tests  we  have  used: 

a.  Each  address  of  the  memory  is  tested  for  failures  from 
one  to  xero  and  from  zero  to  one. 

b.  The  next  spot  to  be  tested  is  19  places  removed  from  the 
previous  spot  tested.  This  procedure  of  testing  by  steps  of  19  is  continued 
until  half  the  memory  has  been  tested.  Then  the  code  is  moved  to  the 
tested  half  of  the  memory  and  the  other  half  is  tested. 
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c.  The  print-out  Indicates  the  number  of  "bombardments 

made  (decimal),  the  type  of  failure,  the  spot  being  bombarded  when  failure 
occurred  (sexadecimal),  and  the  cathode  ray  tube  on  which  failure  occurred 
(decimal).  The  type  of  failure  is  indicated  by  printing  zero  for  the 
zero  to  one  failure  and  L  for  the  one  to  zero  failure. 

d.  The  number  of  bombardments  n  desired  is  a  multiple  of 
10  and  is  punched  on  the  input  tape  as  n/10.  After  each  complete  test 
of  the  memory  the  tape  is  read. 

e.  A  one  to  zero  failure  from  100  bombardments  at  address 
2P3  on  tube  27  would  be  indicated  as  follows: 

100 

L  2F3  27 

More  extensive  investigations  of  the  simplification  of 
multiple  output  switching  circuits  have  been  made.  When  circuits  are 
represented  as  polynomials  in  Boolean  algebra,  it  is  possible  to  generalize 
any  simplification  procedure  to  the  multiple  output  case.  Wo  modification 
of  the  procedure  is  needed  in  the  two  output  cases. 

Several  simplification  processes  have  been  written  as  programs 
for  the  IILIAC.  The  most  successful  of  these  has  been  prepared  In  a  form 
for  general  use.  The  systematic  part  of  the  Harvard  Computation  Laboratory 
minimizing  chart  procedure  has  been  prepared  as  a  program  for  general  use. 

Extension  of  minimizing  processes  to  the  case  of  redundant 
input  information  has  been  made  but  no  XLLIAC  program  has  as  yet  been 
prepared. 
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Students  in  the  programming  and  logical  design  classes 
are  making  use  of  the  ILLIAC  as  a  regular  part  of  their  assigned  class 
work. 

During  the  past  month  the  following  programs  have  been 
added  to  the  library,  numbers  80  and  82  being  prepared  by  Professor 
J.  H.  Snyder  of  the  Physics  Department. 


78  Laplace's  equation  -  Liebmann  method. 

The  program  finds  a  solution  for  an  arbitrary  two 
dimensional  region.  The  maximum  number  of  boundary 
and  interior  points  is  about  950  for  very  simple 
boundaries ■ 

79  Refraction  Code. 

When  a  plane  shock  wave  is  incident  upon  an  interface 
between  two  gases  of  different  densities  end  specific 
heats  a  configuration  consisting  of  the  incident  shock, 
a  transmitted  shock,  and  a  reflected  shock  results. 
Given  a  set  of  parameters  characterizing  the  gases  and 
the  strength  and  position  of  the  initial  shock,  this 
program  computes  limits  for  the  position  of  the  reflected 
shock  and  other  quantities  characterizing  the  three 
shock  configuration. 

80  Minimization  of  a  function  of  two  variables. 

This  program  uses  a  gradient  method  for  finding  the 
minimum  value. 

81  Logical  Algebra. 

This  is  an  87-order  interpretive  routine  for  aiding  in 
the  design  of  switching  circuits.  It  permits  manipulation 
of  Boolean  algebra  expansions  and  simplifies  the  preparation 
of  simplification  programs  for  the  machine 

82  Legendre  polynomials. 


This  program  usee  a  recurrence  relation  to  compute 
PQ(x),  P,(x),  .  .  .,  Pw(x)  for  a  given  value  of  x. 


It  is 


a  closed  subroutine  entered  with  x  in  the  accumulator  and 
having  n  specified  as  a  parameter  upon  entry. 
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The  following  list  gives  problem  specifications  for  new 
codes  which  were  tried  during  the  month.  It  does  not  indicate  how  the 
machine  was  used  because  problems  with  numbers  less  than  123  ^ay  have 
consumed  large  amounts  of  machine  time. 


NUMBER 


PROBLEM  SPECIFICATION 


AFFILIATION 


123 

Matrix  coefficients  for  skewed  plate 
analysis 

Civil  Engim 

12U 

Find  1.8125  power  of  a  number 

Computer 

125 

Compute  mean  scattering  angle  for 
tracks  in  photographic  plates 

Physics 

126 

Eigenvalues  by  direct  matrix  reduction 

Computer 

127 

Scattering  length  and  intrinsic  range 

Physics 

for  an  arbitrary  central  potential 

128  Solution  of  2  simultaneous  cubic 
equations  with  various  parameters 

129  Programmed  division 

130  Calculation  of  phi  coefficients  for 
183  variable  matrix 

131  Check  dichotomous  data 

132  Computations  for  simply  supported 
beam  with  dynamic  load 

133  Correlation  matrix  factor  analysis 
13k     Experiments  with  relaxation  methods 

135  Check  point  code 

136  Special  counting  routine 

137  Dynamic  response  of  simple  structures 

138  Special  double  precision  print  routine 


Civil  Engineering 

Computer 
Agr.  Econ. 

Psychology 
Civil  Engineering 

Medical  School 

Computer 

Computer 

Civil  Engineering 

Civil  Engineering 

Civil  Engineering 
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NUMBER  PROBLEM  SPECIFICATION        AFFILIATION 

139  Dynamic  response  studies      Civil  Engineering 

lAO  Non-uniform  magnetic  field     Physics 

study 

llj-1  Study  of  superconductivity     Physics 

in  metals 

II   USE  OF  THE  COMPUTER 

Table  1  shows  the  distribution  of  machine  time  for  the 
interval  March  16  through  April  15,  195.3* 


XftJttiiEi  JL 

Engineering  8-12  AM 

31:03 

Engineering  1-12  PM 

9:^6 

RAR 

28:17 

Leapfrog 

78:1*5 

Idle 

1:52 

COMPUTER  GROUP 

Wheeler 

10:0^ 

Hash 

:23 

Robertson 

:19 

Gillies 

11:35 

Clutterham 

53:01 

King 

2:22 

Cobb 

1:08 

Muller 

3:35 

Others 

3M 

Classes 

k:05 

DEPARTMENTS  USING  MACHINE 

Physics  37:03 

C.S.L.  1*9:42 

Civil  Engineering  30:13 

Psychology  12:06 
Institute  of  Communications  Research  10: 08 

Mathematics  (Statistics)  1:21 

Agriculture  5*3^ 

Chemical  Engineering  3:38 

Mathematics  :27 

Institute  for  Juvenile  Research  :20 

Demonstrations  2ihl 

Total  Hours  On:    U02:56 
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III   ERROR  FREQUENCY  AMD  PERFORMANCE 


The  machine  is  normally  used  for  "engineering"  and 
maintenance  between  8  AM  and  12  N,  and  for  a  check  of  its  performance 
between  ^:30  FM  and  5^0°  H>!  of  each  weekday.  Since  the  periods  between 
8  in  the  morning  and  noon,  together  with  certain  other  irregular  periods 
like  Saturdays  and  Sundays,  are  devoted  to  a  heterogeneous  group  of 
functions,  it  is  more  instructive  from  an  error  analysis  standpoint  to 
look  at  the  periods  between  noon  and  midnight  of  each  weekday  in  order 
to  make  an  observation  of  the  error  frequency  in  the  machine.  This  is 
the  actual  period  when  the  machine  is  designated  for  use.  With  this 
in  mind  a  summary  table  has  been  prepared  using  the  period  between 
noon  and  midnight  of  each  weekday.  This  table  lists  the  running  time 
when  the  machine  was  operating  properly,  the  amount  of  time  devoted  to 
repairs  because  of  breakdowns,  and  the  number  of  failures  while  the 
machine  was  listed  as  running.  During  the  U:30-5:00  period  (when  the 
machine  is  checked)  if  no  errors  are  found,  the  time  is  given  to  the 
"running  O.K."  column.  Each  failure  was  considered  to  have  terminated 
a  running  period  and  was  followed  by  a  repair  period  in  preparing  this 
Table.  Since  the  leapfrog  code  is  very  probably  our  most  significant 
machine  test,  the  length  of  time  which  it  has  been  used  on  the  machine 
is  listed  separately  together  with  the  number  of  errors  associated 
with  that  particular  code.  This  information  for  the  month  is  presented 
as  Table  II. 
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IV    COMMENTS  OH  THE  MACHXM 

A.     Memory 

During  the  month  it  was  found  necessary  to  change  four 
cathode  ray  tubes.  One  cathode  ray  tube  was  changed  to  improve  the 
RAR;  one  cathode  ray  tube  was  changed  because  of  a  flaw;  one  cathode 
ray  tube  was  changed  because  the  required  cat-off  voltage  became 
very  high  for  reasons  unknown  and  the  fourth  cathode  ray  tube  was 
changed  because  the  signal  size  at  the  screen  became  very  small  for 
reasons  unknown. 

One  chassis  was  removed  for  repairs  during  the  month. 

The  memory  continues  to  operate  with  the  memory  system  as 
altered  on  March  7th  giving  a  minimum  EAR  of  80.  The  RAH  was  tested 
for  failures  from  O's  to  l's  as  well  as  for  l's  to  O's.  The  test 
for  EAR  is  now  being  carried  out  using  the  new  routine  which  is  fully 
described  in  Section  I. 
B.  Input- Output 

Some  trouble  has  again  been  experienced  during  the  month 
in  reading  Information  into  the  machine.  Although  this  is  believed 
to  be  a  tolerance  problem  associated  with  the  location  of  the  tape  holes 
and  the  light  admitted  to  the  photocells  in  the  tape  reader,  it  has 
not  been  possible  to  obtain  failures  sufficiently  often  to  adequately 
diagnose  the  difficulty.  Each  time  an  input  test  is  made  it  appears 
impossible  to  obtain  errors  unless  the  light  bulb  Intensity  is  abnormally 
low,  or  the  paper  tape  is  mutilated  or  worn  in  some  way  or  other.  A 
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small  regulating  transformer  has  been  added  to  make  the  light  intensity 
for  the  tape  reader  independent  of  line  voltage  although  there  is  no 
indication  that  changes  in  line  Toltage  have  been  the  source  of  the  errors, 

C .  General 

The  machine  has  been  operated  about  2920  hours  to  date..  It 
was  found  desirable  to  change  12  5687*3  in  the  gate  drivers  during  the 
month  in  order  to  keep  the  gate  voltage  tolerances  within  reasonable 
limits . 

A  periodic  check  of  the  tolerances  in  the  Bf  and  filament 
voltages  is  being  made  by  the  system  of  marginal  checking  while  the 
machine  is  running  the  Leapfrog  II  routine.  This  has  indicated  that  the 
tolerance  bands  of  these  voltages  have  been  getting  somewhat  smaller 
during  the  past  month.  This  has  been  due  partly  to  the  gate  voltage 
tolerances  as  a  result  of  the  aging  of  the  $687 fs  and  also  to  the  change 
of  characteristics  in  the  new  logical  adder.  An  addition  of  one  resistor 
in  the  complement  gate  circuit  is  anticipated  as  well  as  a  check  of  the 
tolerances  in  the  adder. 

A  new  high  speed  punch  for  the  output  of  the  machine  has 
been  finished  but  has  not  been  tested „  This  will  be  used  interchangeably 
with  the  present  punch.  ■ 

D.  Tape  Preparation  Facilities 

A  new  tape  comparator  unit  is  available  for  checking  one 
tape  with  respect  to  another  at  the  rate  of  10  characters  per  second. 
The  unit  consists  of  two  Western  Union  tape  readers  and  relays. 
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V   RESEARCH  MB  33EVELQPMENT   (Supported  in  part  by  OKR  Task  2*0 


A.  Transistor  Circuits 

The  tests  on  the  response  time  of  transistors  to  fast 
waveforms  have  largely  been  completed.  Considerable  evidence  has  been 
obtained  leading  to  the  following  conclusions  regarding  the  type  1698 
transistor: 

(1)  The  delay  in  increase  of  collector  current  is  not 
excessive  for  any  of  the  operating  conditions  used,  and  was  relatively 
constant  among  the  nine  transistors  tested.  For  a  rise  time  in  emitter 
current  of  one  microsecond,  the  rise  time  of  the  collector  current 

was  from  about  1.0  to  1.5  microseconds. 

(2)  The  delay  in  decrease  of  collector  current  varied 
over  a  considerable  range  depending  upon  both  operating  conditions  and 
the  transistor  involved.  For  all  nine  transistors,  the  fall  time  of  the 
collector  current  was  one  microsecond  or  less,  provided  that  the  high- 
current  point  was  in  the  linear  regions  of  the  collector  characteristics, 
When  the  high  current  point  is  moved  into  the  non- linear  portions  of 

the  curves  (for  instance,  by  increasing  collector  load  resistance  with 
constant  collector  supply  voltage),  the  delay  time  begins  to  increase 
very  rapidly  to  values  in  excess  of  twenty  microseconds. 

These  results  indicate  that  the  saturation  (i.e.,  high 
emitter  and  collector  current)  region  of  the  characteristics  cannot 
be  utilized  as  a  uniform  end-point. 
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The  circuits  of  the  transistor  characteristic  tracer  were 
modified  to  improve  the  accuracy  of  the  corves  produced  and  the  range  of 
currents  to  be  used. 

B.  Drum  Circuits. 

The  amplitudes  of  the  play-hack  signals  from  recordings 
at  80KD  and  8KC  vere  measured  for  all  of  the  drum  heads.  Of  the  219 
heads  supplied  with  the  drum,  6  have  open  windings  and  7  have   signals 
which  are  either  too  small  or  are  otherwise  unsuitable.  It  has  been 
found  necessary  to  increase  the  coupling  time  constants  in  the  play-back 
amplifying  system.  This  change  seems  to  indicate  that  the  recovery 
time  constant  from  the  switching  transient  is  about  350  microseconds, 
and  the  recovery  time  from  a  recording  transient  is  k$0  microseconds. 

C.  Memory  Sensing  Studies. 

Additional  work  has  been  carried  out  to  compare  the  "Thorenson" 
system  of  storage  with  the  system  now  in  use  in  the  ILUAC.  These  tests 
seem  to  indicate  that  the  present  MR  in  the  ILLIAC  of  80  might  increase 
to  about  150  if  the  necessary  rewiring  were  done  to  incorporate  the 
"Thorenson"  system  into  the  machine.  However,  it  appears  that  the 
difference  between  the  two  systems  may  be  a  detailed  one  depending  upon 
the  cathode  ray  tube  design.  Although  the  figure  of  150  quoted  here  for 
the  "Thorenson"  system  BAR  appears  to  be  better  than  the  EAR  obtained 
in  the  machine  at  the  present  time,  tests  on  25  new  RCA  tubes  developed 
for  storage  use  for  the  Bureau  of  Ships  indicate  that  with  these  better 
tubes  the  RAR  would  be  higher  with  the  present  TLT.TAC  system  than  with 
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the  "Thorenson"  system.  Internal  Report  Wo.  kj  describes  the  present 
ILLIAC  system  and  a  report  will  be  available  soon  on  the  tests  of  the 
RCA  tubes. 

VI  CONSTRUCTION 

1.  Tape  Comparator  using  Western  Union  Readers. 

2.  Covers  for  spare  -2000  volt  supply  painted. 

3.  Tape  boxes  for  comparators. 

h.    Added  regulating  transformer  to  Ferranti  AC 
supply. 

5.  Pour  playback  amplifier  for  drum  memory. 

6.  Tested  kjO   5687  tubes;  300  12AU7;  600  6AL5. 

7.  Output  punch  for  computer  completed  except  for 
covers . 

8.  Model  of  photoelectric  tape  reader  built  and 
has  been  operated  at  approximately  38  inches 
per  second  tape  speed  with  the  ability  to  stop 
in  l/20  of  an  inch. 

VII  SEMINARS 


March  25,  1953 

READING  DIGITAL  INFORMATION  FROM  THE  ILLIAC  DRUM 

R.  E.  Meagher 

April  8,  1953 

AN  INTRODUCTION  TO  LOGICAL  CIRCUITS  USING  TRANSISTORS 

R.  A.  Kudlich 

April  13,  1953 

ERRORS  IN  ITERATIVE  SOLUTIONS  OF  LINEAR  ALGEBRAIC 
SYSTEMS  ^ 

A.  S.  Householder  (Visitor  from  Oak  Ridge  National  Lab) 
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April  15,  1953 

CONVERSION  PROGRAMS  OR  "AUTOMATIC  PROGRAMMING" 

D.  J.  Wheeler 


VIII   PERSONNEL 


The  personnel  associated  with  the  group  and  hence  the 


contributors  to  this  report  are; 

Brown,  Caroline 
Ciutterham,  D.  R. 
Cobb,  Bessie  (l/2  time) 
Ehrlich,  George 
House,  Natalie  R. 
Huffman,  W.  I.. 
Jarre  tt,  T. 
Jones,  W.  E. 
Kerkering,  T.  E. 
King,  Richard  (l/2  time) 
Kudlich,  R.  A.  (l/2  time) 
Lopeman,  E.  E. 


Meagher,  R.  E. 

Michael,  G  W. 

Muller,  D  E. 

Nash,  J.  P, 

Newmark,  N.M.  (Chmn.Exec.  Comm.) 

Polivka,  R.  (1/2  time) 

Robertson,  J.  E. 

Russell,  Ramona 

Shapin,  Theodore 

Taub,  A.  H.  (l/2  time) 

Wier,  J.  M. 

Wheeler,  D.  J. 


REM/nrh 
V27/53 
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R.  E.  Meagher 


"TT 


v 


UNIVERSITY  OP  ILLINOIS 

GRADUATE  COLLEGE 

DIGITAL  COMPUTER  LABORATORY 


TECHNICAL  PROGRESS 
REPORT 


April  16,  1953  -  May  15,  1953 


1      MATHEMATICAL  RESEARCH  AM)  CQpBTG  (This  is  supported  in  part  by  OHR  Task  30) 

The  computations  for  the  curved  shock  problem  have  been  finished 
and  the  problem  is  now  being  written  up. 

The  multiple  precision  floating  point  program  (called  1.7  Precision) 
is  now  in  the  library  . 

Revision  of  certain  post  mortem  routines  to  reduce  the  temporary 
storage  has  been  found  desirable,  and  codes  56 ,  57  sad  59  have  been  changed 
to  make  them  more  useful  and  so  that  external  temporary  storage  agrees  with 
that  used  by  the  Decimal  Order  Input  (Code  18). 

A  code  for  Poisson's  equation  has  been  completed  and  tested  success- 
fully with  several  typical  problems „  A  routine  for  computing  a  parameter 
which  ensures  rapid  convergence  of  the  iteration  process  is  now  being  written 
as  an  additional  feature. 

A  new  consolidated  engineering  tape  has  been  completed  and  is  being- 
used  routinely  to  test  the  computer.  This  test  consists  of  a  printer  test, 
the  new  read-around  test  (described  in  the  April  report)  and  the  new  leapfrog 
(described  in  the  February  report).  The  printer  test  is  a  more  exacting  one 
than  that  used  before.  It  prints  each  character  in  the  order  0  L  1  P  2  J  3 
H^S5K6978  along  with  a  space  and  a  carriage  return  -  line  feed. 
The  characters  0  and  L  are  printed  by  means  of  92  orders  while  the  others 
are  printed  by  means  of  82  orders. 

A  more  effective  code  for  the  simplification  of  polynomial  ex- 
pressions in  Boolean  algebra  is  being  used.  It  requires  more  machine  time 
than  the  previous  code. 

The  program  library  has  been  divided  into  two  parte,  the  engineering 
codes  being  put  into  a  separate  group.  These  codes  are  of  limited  interest 


j J  v«.i  cv*  oSal  ■  b  n©«  j  sad  txvftfJLC  «irx»crm  «ff 
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outside  of  the  laboratory. 

During  the  past  month  the  following  programs  have  been  added 

to  the  library.  Taken  with  Code  80,  Codes  8*1-,  85  and  86  make  a  set  of 

minimization  programs.  They  were  all  written  by  Professor  J.  N.  Sayder 

of  the  Physics  Department* 

83°   Check  Point  Routine^ 

This  program  is  intended  primarily  to  help 
a  programmer  trouble- shoot  his  code.   It 
uses  the  blocking  order  principle  and  supplies 
a  wide  variety  of  information  the  nature  of 
which  can  be  pre- spec! fled  by  the  programmer. 
8^a       Minimization  of  a  function  of  four  variables,., 
85o   Minimization  of  a  function  of  n  variables a< 
These  two  cedes  use  a  gradient  method  for 
minimizing. 
86.   Minimization  of  a  function  of  n  variables  by 
treating  one  variable  at  a  time. 
This  program  utilizes  a  crude  approach  which  may 
require  a  long  time.  However,  In  cases  where  the 
gradient  is  small  with  respect  to  some  argument, 
the  other  minimizing  codes  may  be  Ineffective. 
In  these  cases  the  problem  may  be  roughed  out  with 
one  of  the  steepest  descent  codes  and  finished 
with  Code  86.  Parameters,  entry  and  storage  loca- 
tions of  Codes  85  and  86  are  arrnaged  to  facilitate 
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use  of  the  two  codes  together. 
87.  1^2  decision  Floating  Pointy 

This  code  has  been  described  in  earlier  reports . 

II   SIE  PROBLEMS  LISTED  FOR  TEE  M&CIQjgS 

The  following  list  gives  problem  specifications  for  new  problems 
which  were  tried  during  the  month.  It  does  not  indicate  how  the  computer 
was  used  because  problems  with  numbers  less  then  1*2  may  haw  consumed 
large  amounts  of  machine  time. 


NUMBERS 
1*2 

1*3 
1** 

1*5 

1*6 

1*7 

148 

1*9 
150 

151 
152 
153 
15* 
155 


PROBLEM  SPECIFXCATIOff 

Real  roots  of  12  7th  degree  algebraic 
equations 

Calculate  &    for  dichotomous  data 

Response  pattern  analysis 

Solution  of  a  set  of  linear  algebraic 
equations 

Two  dimensional  Poisson  equation 

Post  mortem  routines 

Spaced  loop  antenna  patterns 


Principal  axis  factor  analysis 


mt 


Lucas  test  for  primality  of  2i        -1 

Tchebyscheff  polynomials 

Matrix  multiplication 

Ranked  numbers 

Shock  curvature  ratios 

Accelerated  Laplace  convergence 


AffFXLIATIOir 
Math 

Psychology 
Psychology 
Physics 

Computer 

Computer 

Sleet.  Engr. 

Psychology 

Computer 

Elect.  Engr. 

Computer 

Psychology 

Computer 

Computer 


Ill   USE  OF  THE!  COMPUTER 

Table  I  shows  the  distribution  of  machine  time  for  the 
interval  April  16  through  May  15 >  1953* 


Engineering  8-12  AM  3^:09 

Engineering  12  Hoon-12  Midnight  26:36 


X\oA»X\e 

20:47 

Leapfrog 

61*:20 

Wasted 

1:2^ 

Digital  Computer  Laboratory 

Wheeler 

28"  16 

Nash 

s25 

Clutterham 

6:06 

Ring 

likh 

Cobb 

3:57 

Muller 

17:^7 

Others  in  Group 

3:17 

Classes 

9:26 

Departments  Using  Machine 

Physics 

U5:2^ 

C«  Be  L* 

1*1:  (ft 

Civil  Engineering 

7:31 

Psychology  (Wrigley) 

17:27 

Electrical  Engineering 

11:^3 

Institute  of  Communications  Research 

:19 

Mathematics  (Statistics) 

3:23 

Agriculture 

1:36 

Chemical  Engineering 

9:00 

Mathematics 

1:10 

Psychology  (Kamman) 

*M 

Demonstrations 

6:56 

Total:    36^:32 
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The  machine  is  normally  used  for  "engineering"  and  maintenance 
between  8  AM  and  12  N,  and  for  a  check  of  its  performance  between  5*00  PM 
and  5*30  PM  of  each  weekday.  Since  the  periods  between  8  in  the  morning 
and  noon,  together  with  certain  other  irregular  periods  like  Saturdays 
and  Sundays,  are  devoted  to  a  heterogeneous  group  of  functions,  it  is  more 
instructive  from  an  error  analysis  standpoint  to  look  at  the  periods  be- 
tween noon  and  midnight  of  each  weekday  in  order  to  make  an  observation 
of  the  error  frequency  in  the  machine.  This  is  the  actual  period  when 
the  machine  is  designated  for  use,  With  this  In  mind,  a  summary  table  has 
been  prepared  using  the  period  between  noon  and  midnight  of  each  weekday «, 
This  table  lists  the  running  time  when  the  machine  was  operating,  the 
amount  of  time  devoted  to  repairs  because  of  breakdowns,  and  the  number 
of  failures  while  the  machine  was  listed  as  runningo  During  the  5:00»5O0 
period  (when  the  machine  is  checked)  if  no  errors  are  found,  the  time  is 
given  to  the  "running  column".  Each  failure  was  considered  to  have 
terminated  a  running  period  and  was  followed  by  a  repair  period  in  pre- 
paring this  Table  o  Since  the  leapfrog  code  is  very  probably  our  most 
significant  machine  test,  the  length  of  time  which  it  has  been  used  on 
the  machine  is  listed  separately  together  with  the  number  of  errors 
associated  with  that  particular  code.  This  information  for  the  month 
is  presented  as  Table  II. 
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The  number  of  errors  is  much,  higher  than  it  has  been  before. 
The  average  running  time  per  leapfrog  error  is  just  a  little  over  one 
hour.  The  average  time  for  all  routines  per  error  is  close  to  8  hours. 
The  number  of  memory  errors  is  23 •  The  number  of  punch  errors  is  13 . 
The  abnormally  large  number  of  memory  errore  cannot  be  easily  accounted 
for.  The  abnormally  large  number  of  punch  errors  is  due  partly  to  the 
wearing  out  of  parts  in  the  original  punch  and  partly  to  the  use  of  a 
new  punch. 

V   COMMENTS  Off  TBS  MACETHE 

A.  Memory 

During  the  month  six  cathode  ray  tubes  vere  changed.  One  vas 
changed  to  improve  EAR  and  five  were  changed  because  of  flaws.  Four  of  the 
memory  regeneration  chassis  were  changed  during  the  month.  Two  of  these 
were  changed  because  of  filament  failures  in  one  tube  each,  one  was  changed 
because  of  a  condenser  with  an  oil  leak  and  one  was  changed  because  it  was 
excessively  microphonic. 

It  has  been  necessary  to  adjust  the  intensity  on  one  or  sometimes 
two  tubes  each  morning  when  the  machine  is  turned  on.  Occasionally,  it  is 
necessary  later  in  the  day  to  adjust  the  intensity  on  one  of  the  tubes. 
These  adjustments  are  most  frequently  associated  with  about  five  of  the 
memory  positions  and  the  cause  of  this  is  being  Investigated,,  There  seems 
to  be  no  good  reason  why  these  few  memory  positions  should  require  extra 
attention. 

B.  Input* Output 

A  new  high  speed  punch  built  around  teletype  unit  ABH22  has  been 
placed  Into  operation.  It  lc  interchangeable  with  the  older  high  speed 
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punch  and  runs  at  the  same  speed. 
C,  General 

The  machine  has  'been  operated  a  total  of  3*27^  hours  and  approxi- 
mately 130  tube  failures  have  occurred  exclusive  of  those  causing  cathode 
ray  tube  replacements  <> 

Z±   RESEARCH  AKD  BE¥BL0:FMEffT  (Supported  in  part  by  OM  Task  2k) 

A.  Transistor  Circuits 

During  the  past  month  some  studies  have  "been  made  of  the  eharac- 
teristlcs  of  Junction  diodes,  especially  with  regard  to  their  use  in  a 
fast-acting  logical  type  circuit •  The  diodes  concerned  included  the  three 
types  of  grown  germanium  Junction  diodes  received  from  the  Bavy,  types  Vj8k9 
I786  and  1787,  and  a  single  sample  of  a  silicon  diffused  Junction  diode. 


The  d~c  characteristics  of  one  type  1784  was  measured.,  A  very 

5 

high  back-to-front-resistanee  ratio,  of  the  order  of  l(r  was  obtained,  and 

reverse  voltages  of  100  volts  were  applied  without  appreciable  drop  in 
performance.  The  three  types  of  grown- Junction  diodes  were  tested  for 
rectification  properties  on  sine  wave  Input.  At  lower  frequencies,  below 
1,000  cycles,  the  rectification  characteristics  were  outstanding,  much 
better  than  that  of  a  point-contact  diode.  However,  at  higher  frequencies 
the  hole-storage  effect  and  distributed  capacitance  of  the  diodes  caused 
appreciable  overshoot  In  the  reverse  direction,  and  at  frequencies  of  the 
order  of  100KD  this  overshoot  approached  the  reverse  half- cycle  of  sine 
wave  in  amplitude  and  duration.  The  conclusion  was  drawn  that  these  diodes 
are  not  applicable  where  waveforms  with  rise  and  fall  times  less  than  the 
order  of  .1  -  .01  milliseconds  are  involved. 
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The  diffused- junction  diode  was  appreciably  better  at  high 
frequencies «  It  was  tested  using  pulses  of  from  four  to  fifteen  micro*- 
seconds  width,  with  rise  and  fall  times  of  about  one  to  three  microseconds  „ 
Overshoot  due  to  hole  storage  was  observed^,  but  of  a  magnitude  which  would 
not  prohibit  use  t>f  the  diode.  This  o*#ershoot  was  worse  with  longer  pulses , 
due  to  the  cumulative  effect  of  forward  current  flowo  The  response  to 
extremely  rapid  changes  in  voltage,  say  a  few  tenths  of  microseconds,  which 
occur  Infrequently,  has  not  been  tested  as  yet0  The  response  to  the  shorter 
pulses  was  somewhat  improved  by  biasing  the  diode  to  the  vicinity  of  the 
reverse  Zener  voltage,  where  the  dynamic  resistance  again  becomes  very  smallo 
This  type  of  operation  may  be  more  Important  with  long  duration  steady  state 
operation.. 

The  flip-flop  received  from  MIT  was  tested  for  dyaamic  operation? 
The  frequencies  used  for  the  test  were  about  10KD  end  about  120KD  prf . 
The  rise  and  fall  times  on  driving  pulses  were  quite  long,  so  the  limiting 
speed  of  response  of  the  flip-flop  is  still  unknown,,  However,  with  the  pulses 
used,  the  circuit  operated  satisfactorily  with  several  different  combinations 
of  individual  transistors,  excluding  those  received  from  MIT,  and  some  from 
each  of  the  two  groups  (i0e0,  those  received  last  fall  and  those  received 
this  year)  of  our  own9 

Before  attempting  to  modify  this  circuit  for  d-c  input  and  output, 
the  maximum  speed  of  response  and  triggering  sensitivity  will  be  investigated 
further. 

Bo  Drum  Circuits 

On  April  15th  a  test  was  made  to  see  if  the  playback  signals  from 
a  drum  track  would  vary  over  an  8  hour  period.  In  addition  to  these  desired 
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signals,  spurious  noise  signals  were  observed  with  amplitudes  both  larger 
and  smaller  than  the  desired  signals  and  occurring  at  more  or  less  random 
times  o   Since  it  would  not  "be  possible  to  operate  the  drum  with  such  noise 
present,  an  effort  to  eliminate  it  or  reduce  it  to  a  negligible  amount  was 
made  during  the  past  month.   While  progress  has  been  made  in  reducing  it* 
the  noise  is  still  large  enough  to  cause  trouble  and  more  work  needs  to  be 
done. 

A  Tesla  coil  is  being  used  as  a  noise  source  since  otherwise 
the  noise  signals  occur  at  too  infrequent  intervals.  A  shielded  filter  was 
built  for  the  preamplifier  d-c  and  filaments  .  A  filter  was  put  in  the  d-c 
to  the  main  amplifier „  bypass  condensers  were  added  on  several  -voltage 
dividers;  signal  and  d-c  leads  were  shielded  and  the  resistor  attenuator 
for  the  heads  was  put  in  a  box.  Doubtful  connections  in  the  815  chassis 
were  resoldered  and  copper  straps  used  Ifco  replace  small  ground  leads. 

At  present,  if  the  Input  to  the  preamplifier  is  not  connected  the 
noise  is  sufficiently  sraalJl  not  to  set  the  amplifier  flip-flop  even  at 
maximum  gain.  Noise  from  the  Tesla  coil  does  cause  trouble  when  the  re- 
cording 8l5's  are  plugged  into  their  sockets. 

In  order  to  accelerate  the  testing  of  the  drum  circuits  and  logic 
another  experimental  rack  containing  samples  of  the  drum  circuits  is  being 
assembled.  It  will  make  possible  the  recording  of  Information  on  four 
tracks  of  the  drum.  The  ILLXAC  itself  will  be  simulated  by  circuits*, 
C.  Memory  Sensing  Studies 

Experiments  have  been  conducted  using  new  sensing  systems  to 
differentiate  between  a  dot  and  a  dash.  A  circuits  was  devised  to  Integrate 
the  output  of  the  amplifier  during  the  latter  part  of  the  reading  cycle  of 


-13- 

a  normal  TT.TiTAC  memory  and  to  use  this  for  sensing  the  contents  of  the 
position  in  question.  This  method  worked  well  enough  but  no  net  improvement 
over  the  normal  ILLIAC  system  was  evident. 

The  latest  attenrpt  tries  to  make  more  exhaustive  use  of  the  in- 
formation in  any  given  output  signal.  If  a  person  with  microsecond  re- 
flexes could  judge  from  the  waveshape,  he  would  usually  be  able  to  tell 
if  any  given  signal  was  from  a  dot  or  a  dasho  This  is  possible  because  he 
could  know  both  the  shapes  and  the  amplitudes  of  the  dot  and  dash  signals., 
Thus,  in  an  attempt  to  come  closer  to  this  ideal,  a  circuit  was  devised  to 
compare  the  output  signal  with  a  standard  dash  signal  which  was  generated 
in  another  slightly  altered  chassis  which  always  contained  dashes  at  all 
addresses  o  This  circuit  creates  an  output  which  is  a  fixed  amount  positive 
if  the  amplifier  output  is  equal  to  or  more  positive  in  the  first  part  of 
the  pulse,  and  positive  if  it  is  equal  to  or  more  negative  in  the  second 
part  of  the  output  pulse »  In  case  these  conditions  are  not  met,  the  output 
is  negative  an  amount  proportional  to  the  difference  between  the  amplifier 
output  and  the  standard  dash  signal •  This  output  is  then  integrated  over 
the  entire  wave  and  the  integral  is  taken  as  a  measure  of  the  contents  of 
the  spot  in  question.  Ideally,  of  course,  it  would  be  desirable  to  make 
a  point  for  point  comparison  but  it  seems  impractical  to  expect  all  wave 
shapes  for  dashes  to  be  identical,, 

Only  ymry  preliminary  results  of  this  test  are  as  yet  available 
since  the  system  has  been  in  operation  only  about  2h  hours,  but  indications 
are  that  BAR  failures  are  all  from  dots  to  dashes  and  the  minimum  figure 
nay  be  as  much  as  twice  that  for  the  HXXAC  system.  As  a  point  of  Interest 


it  is  to  be  noted  that  this  method  of  sensing  is  very  insensitive  to 
changes  in  sensing  time,  dash  length*  dot  length  and  common  type  disturbances, 
All  of  these  quantities  except  the  latter  have  been  tried*  with  remarlcable 
results  o 

VII   CONSTRUCTION 

lo  Cover  for  new  punch 

2o  End  connection  chassis  for  orange  gate  change 

3o  Driver  IX  chassis  for  orange  gate  change 

%o  Arithmetic  control  chassis  for  orange  gate  change 

5o  Installed  plug  and  table  for  new  punch 

6.  Parts  for  50  adapter  sockets  for  new  3"  cathode  ray  tubes 

7o  Frame  and  four  chassis  for  drum  memory  test  unite 

YIII   SEMINARS 

April  22,   1953 

COMPUTERS  IN  ENGLAND  by  Robert  I.  Hulsiser 

April  S9,  1953 

THE  E  R  A  1103  COMFUTER  by  W8  G  Welchman  (Visitor  from 
IHJnglnearlng  Research  Associates) 

May  6,  1953 

AVAILABLE  MACHINE  TECHNIQUES  FOR  THE  SIMPLIFICATION  OF 
SWITCHING  CIRCUITS  by  David  E.  Muller 

May  13,  1953 

CODING  THE  DEOTERON  PROBLEM  WITH  TENSOR  FORCES  by  J.  M.  Blatt 

Vnn   INTERNAL  REPORTS 

The  following  Internal  Reports  have  been  written  during  the 

past  year  and  are  now  available: 

No.  32     A  Routine  for  Calculating  the  Eigenvalues  and  Eigenvectors 
of  a  Symmetric  Matrix  by  D.  J.  Wheeler  -  May  9,   1955« 

Ho.  33     Program  Organization  for  the  University  of  Illinois 
Computer  by  D.  J.  Wheeler  -  May  16,  1952 <» 
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No.  3k 

No.  35 
No.  36 

No.  37 

No.  38 

No.  39 

No.  kO 

No.  Ul 

Ho,  U2 
Ho.  U3 

No.  ^ 

No.  ^5 

No.  k6 

No.  1^7 

X   PERSONNEL 


Selection  Tests  on  3KP1  Type  Cathode  Ray  Tubes 
for  a  Williams  Memory  by  J.  M.  Wier  -  May  22,  1952. 

OBDVAC  Order  Code  by  J.  P.  Nash  -  June  10,  1952. 

University  of  Illinois  Order  Code  by  J.  P.  Nash 
June  10,  1952. 

Error  Detection  and  Correction  in  Binary  Parallel 
Digital  Computer  by  J„  E,  Robertson  -  August  1,  1952c 


Revised  Order  Code  by  J.  Pc 
September  23,  1952. 


and  D.  J.  Wheeler 


How  to  Calculate  the  Head  Around  Requirements  of  a 
Code  by  J.  P.  Nash  -  October  lk,   1952. 

Operation  Times  of  the  Illinois  Computer  by  E.  L.  Hughes 
October  16,  1952. 

Comparison  of  k   IBM  Tubes  with  3SP1  Tubes  for  Williams 
Memory  Use  by  J.  M.  Wier  -  December  h,   1952. 

Operation  Times  of  ILLXAC  by  J.  M.  Wier  -  January  29,  1953- 

Calculation  of  e  by  the  ILLIAC  by  D.  J.  Wheeler  -  February 
26,  1953. 

Controls  of  the  ILLIAC  and  Input  and  Output  Equipment 
by  D.  J.  Wheeler  -  March  J.0,  1953. 

Recent  Improvement  of  ILLIAC  Memory  by  J.  M.  Wier 
March  25,  1953. 

Metric  Properties  of  Boolean  Algebra  and  Their  Application 
to  Switching  Circuits  by  D.  E.  Muller  -  April  15,  1953. 

Results  of  Tests  on  25  Bureau  of  Ships  -  RCA  Developmental 
Williams  Memory  Tubes  -  Type  C77376B  by  J.  M.  Wier 
April  29,  1953. 


The  personnel  associated  with  the  group  and  hence  the  contributors 
to  this  report  are: 
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Brown,  Caroline 

Clutterham,  D.  R. 

Cobb,  Bessie  (l/2  time) 

Ehrlich,  George 

House,  Natalie  R, 

Buff man,  ¥„  L» 

Jones,  Wo  E. 

Kerkering,  TD  Eo 

King,  Richard  (l/2  time) 

Kudlich,  R.  A,   (l/2  time) 

Lopeman,  H.  E. 


Meagher,  R.  E0 

Michael,  G.  W. 

Muller,  Do  E„ 

Eash,  J.  Pc 

He^aark,  $0  M.   (Chma„  Exec  Coram,,) 

Polivka,  Ro   (l/2  time) 

Robertson,  Jo  E. 

Russell,  Ramona 

Shapin.   Theodore 

Stone/  David  E» 

T&ub,  Ao  E.   (l/2  time) 

Wier,  J.  Mo 

feeler,  D„  J» 


Ro  Eo  meag: 


REM/nrh 


UHIVERSEK  OP  ILLINOIS 
GRADUATE  COLLEGE 
DIGITAL  COMPUTER  LABORATORY 


TECHNICAL  PROGRESS 
REPORT 


Jfaj  16,  1953  -  Juae  15,  1953 


I  MA.THBM&TICM.  RE3mCH_AgD  CODZHG  (This  is  supported  In  part  by  <m   Task  30 ) 

David  Ro  Clutterhain,  who  has  been  doing  research  on  shock  waves, 
has  completed  his  work  and  will  receive  his  Ph.D0  this  month.  The  results 
he  has  obtained  will  be  published  „ 

A  matrix  multiplication  program  is  now  being  used.  It  accepts 
matrices  punched  by  rows  and  furnishes  the  product  in  a  form  which  can  be 
read  back  for  further  multiplications,,  The  largest  square  matrices  which 
can  be  multiplied  are  21  by  21. 

Multiple  output  circuits  have  been  shown  to  be  reducible  to  single 
circuits  provided  that  the  circuits  are  repreeentable  as  polynomials  In 
Boolean  algebra.  The  logical  algebra  subroutine  is  being  rewritten  so  as  to 
provide  greater  speed  and  f  legibility 0 

During  the  past  month  the  following  new  programs  have  been  placed 
in  the  library.  Code  89  was  written  by  Dr,  R.  M.  Brown  of  the  Control  Systems 
Laboratory. 

880   Input  a  sequence  of  decimal  fractions>:i  gj^wqrdg 

This  program  is  similar  to  Code  23*  but  it  inputs  a 
signed  12  decimal  place  number  rather  than  only  11 
places  * 

®9.   Loop  cycling  control.  21  words 

This  program  will  arrange  the  cycling  around  a  loop 
of  orders  and  the  programmer  may  use  it  rather  than 
furnish  a  counting  routine  for  each  loop  In  his  program, 

9°«   Constant  listing  auxiliary.,  21  words 

This  program,  used  with  Code  18,  lists  constants  as  they 
are  required  in  a  program.  When  the  programmer  uses  a 
constant,  he  writes  the  constant  and  not  its  address. 
Code  9C  places  the  constant  in  a  list  and  puts  its  list 
address  in  the  appropriate  order.  The  list  is  not 
redundant . 
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Matrix  multiplication  fejrortg,  without  output  J3  words  with 
output 

This  program  multiplies  an  m  x  n  matrix  and  snnsp 
matrix  to  give  an  m  x  p  matrix  subject  to  ran  +  mp  +  n^  9^9 
if  output  is  required «  Matrices  are  punched  by  rows  and 
results  are  output  by  rows  in  a  form  acceptable  for  input 

again o 

Floating  decimal  square  root  auxiliary.  16  words 

This  program  is  used  with  floating  point  Code  63.  It 
takes  the  number  a  from  the  floating  accumulator  of 
Code  63  and  replaces  it  with  *faT 


II   HEVf  PROBLEMS  LISTED  FOR  TO  MACHBE 

The  following  list  gives  problem  specifications  for  new  problems 
which  were  tried  during  the  month.  It  does  not  indicate  how  the  computer 
was  used  because  problems  with  numbers  less  thaa  156  may  have  consumed  large 
amounts  of  machine  time0 


156 
157 

158 
159 

160 

161 
162 

163 
16* 


PROBLEM  SEBCIFXCATICgr 

Relativistic  transformations 

Deflection  of  a  three-bay  three- 
story  frame 

Test  28l91-l  for  mall  factors 

Influence  coefficients  for  forced 
vibration  of  uniform  bars 

Boundary-value  differential 
equations 

Photon  Spectrum  matrix 

Random  walk 

Iteration  counter 

Check  point  routine 


Physics 
Civil  Engineering 

Computer 
Civil  Engineering 

Computer 

Physics 

Chemistry 

Computer 

Computer 


ffi      USE  OF  THE  COMPOTES 


A  review  of  the  operator's  log  shows  that  in  the  period  between 


May  16  and  June  15,  1953$  programs  were  put  on  the  XLLIAC  by  50  different 
individuals  affiliated  with  13  departments  of  the  University. 

For  several  months  there  have  been  two  daily  code  checking  periods 
of  one  hour  each,  one  from  12-1  pm  and  one  from  4-5  pm.  The  interval  between 
February  16  and  May  15,  1953  &as  beea  examined „  During  this  time  IO79  codes 
were  checked  in  the  code-check  periods.  Of  these  IO79,  1015  were  limited  to 


TT.LTAC  TIMS 

(Minutes ) 

NUMBER  OF  CODES 

TOTAL  TIME  (Minutes) 

1 

115 

115 

2 

184 

368 

3 

181 

543 

4 

148 

592 

5 

75 

375 

6 

77 

462 

I 

84 

588 

64 

512 

9 

39 

351 

10 

48 

480 

1015  4386 

The  average  code  check  took  4.3  minutes.  This  time  includes  time  for  changing 
tapes,  doing  post  mortem  checks  on  codes  and  making  entries  in  the  operator's 
log. 

With  the  aim  of  finding  out  more  about  coding  errors  and  how  to 
eliminate  them  a  chart  has  been  posted  in  the  Computer  Boom.  This  chart 
lists  the  common  errors  made  by  coders  and  also  the  usual  ways  of  finding 
them.  Space  is  provided  for  "unusual"  errors,  and  coders  are  being  asked  to 
make  notations  on  the  chart. 

A  description  of  the  code  checking  routines  in  the  ILLIAC  library 
has  been  prepared  and  Is  available  to  coders.  This  6-page  report  tells  about 
the  10  checking  routines,  giving  instructions  on  how  to  use  them.  Copies  of 
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moot  of  these  routines  are  kept  by  the;  operator  at  the  IJXI&C  so  that 
they  may  readily  be  used. 

Table  I  shows  the  distribution  of  machine  time  for  the  interval 
May  16  through  June  15,  1953* 


TABOS  I 


m 


Engineering  8-12  ^9:51 

Engineering  12-12  ^2:22 

Idle  3#-59 

R0A.R«  21:2^ 

Leapfrog  36:26 

E.DcC. 

Wheeler  20:35 

Sash  :12 

Clutterham  i& 

King  1:19 

Gregory  :28 

Cobb  :^3 

Mutter  zh6 

Others  1:29 

Classes  31*59 

Physics  ^9:15 

C.S.L.  t0:^3 

Civil  Engr.  39: 16 

Psychology  5:33 

Elect.  Engr.  :3^ 

Ins.  Comm.  Res.  1:29 

Chemistry  2:59 

Agricultural  Econ.  4:09 

Chem.  Engr.  :19 

Mathematics  1:20 

Public  Health  (Psychology)  kikl 

Demonstrations 


Total:  36^:32 

IV   ERROR  gREQTJERCY  AMD  ANALYSIS 

The  machine  is  normally  used  for  "engineering"  and  maintenance 
between  8  AM  and  12  If,  and  for  a  check  of  its  performance  between  5°  00  PJ 
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and  5:3°  £M  of  each  weekday  <>  Since  the  periods  between  8  in  the  morning 
and  noon,  together  with  certain  other  irregular  periods  like  Saturdays  and 
Sundays,  are  devoted  to  a  heterogeneous  group  of  functions,  it  is  more 
instructive  from  an  error  analysis  standpoint  to  look  at  the  periods  between 
noon  and  midnight  of  each  weekday  in  order  to  make  an  observation  of  the 
error  frequency  in  the  machine  •  ©lis  is  the  actual  period  when  the  machine 
is  designated  for  use.  With  this  in  mind  a  summary  table  has  been  prepared 
using  the  period  between  noon  and  midnight  of  each  weekday.  This  table  lists 
the  running  time  when  the  machine  was  operating,  the  amount  of  time  devoted 
to  repairs  because  of  breakdowns,,  and  the  number  of  failures  while  the  machine 
was  listed  as  running.  During  the  5  •  00-5 ' 3°  period  (when  the  machine  is 
checked)  if  no  errors  are  found,  the  time  is  given  to  the  "running  column"  „ 
Each  failure  was  considered  to  have  terminated  a  running  period  and  was 
followed  by  a  repair  period  in  preparing  this  Sable*  Since  the  leapfrog 
code  is  very  probably  our  most  significant  machine  test,  the  length  of  time 
which  it  has  been  used  on  the  machine  is  listed  separately  together  with 
the  number  of  errors  associated  with  that  particular  code,  ©lis  information 
for  the  month  is  presented  as  Table  n. 

Table  II  shows  a  larger  than  normal  number  of  errors  during  the 
month.  Twenty-two  of  the  fifty-one  errors  were  associated  with  the  punch  so 
that  twenty-nine  errors  may  be  considered  to  be  associated  with  other  parts 
of  the  machine.  Because  a  great  deal  of  work  was  put  into  the  punch  much 
of  the  normal  running  time  for  the  machine  is  listed  as  repair  time  associated 
with  the  punch.  The  punch  caused  errors  because  of  mechanical  tolerances. 
At  least  temporarily  it  is  necessary  for  us  to  operate  the  punch  at  about  20 


-6- 

characters  per  second  instead  of  the  usual  25  characters  per  second*  Be- 
cause such  a  large  fraction  of  tiroe  during  the  month  was  spent  with  the 
punch,  Table  II  does  not  have  the  significance  that  past  reports  have  had 
in  maMng  an  estimate  of  the  error-frecjuency  of  the  machine* 
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y     CCMffiHTS  as  THE  macbibe 

Ao    Memory 

Pour  cathode  ray  tubes  were  removed  from  the  memory  during 
the  month.  All  of  these  tubes  were  removed  "because  of  flaws.  It  is 
believed  that  some  progressive  change  has  occurred  which  is  affecting  the 
focus  of  the  tubes  and  hence  the  number  of  flaws  and  RAR  performance  of 
the  memory.  Until  recently  it  has  been  possible  to  state  that  the  number 
of  read-around  failures  at  80  was  0  or  very,  very  few  in  number.  During 
the  last  two  weeks  of  operation  of  the  machine  the  reed-around  has  fallen 
so  that  there  are  frequently  two  or  three  errors  at  a  read-around  test  of 
JO,    Since  there  has  been  an  Irregularity  In  the  types  of  failures  it  has 
not  been  possible  simply  to  adjust  the  memory  to  increase  the  RAR.  An 
examination  will  need  to  be  made  of  some  of  the  memory  circuits  in  order 
to  ascertain  what  has  caused  the  change  in  the  performance  characteristics,, 

Because  of  small  tube  failures  three  memory  chassis  were  changed 
during  the  month. 

B.  Input- Output 

After  the  nssr  high-speed  punch  mentioned  in  the  last  report 
was  placed  into  operation  a  mechanical  failure  of  a  hardened  steel  part 
occurred  which  apparently  started  a  series  of  punch  errors.  As  a  result  of 
the  mechanical  failure  certain  adjustments  were  made  in  both  punches  which 
gave  rise  to  errors  which  have  been  listed  under  the  error  analysis  in  the 
previous  section.  Although  this  was  the  largest  single  cause  of  errors  in 
the  machine,  because  the  errors  were  intermittent  and  associated  with  the 
mechanical  unit  a  considerable  amount  of  time  was  spent  in  locating  the 
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errorflo  It  was  finally  necessary  to  slow  down  one  of  the  punches  about 
20$  until  improvements  could  be  made  in  the  mechanical  tolerances.  While 
the  type  of  error  is  now  believed  to  be  well  understood,  the  difficulty 
has  not  yet  been  repaired  and  the  punch  is  therefore  operating  with  a  speed  of 
20  characters  per  second  instead  of  25  characters  per  second,, 
C .  General 

As  a  result  of  a  couple  of  occasional  errors  in  the  adder, 
several  poorly  soldered  connections  were  found a  It  was  necessary  to  change 
several  tubes  because  of  intermittent  shorts.  All  together,  1^0  tubes 
have  failed  with  a  total  machine  time  of  3>620  hours. 

VI   RESEARCH  AUD  DBVEL0B4EBT  (Supported  in  part  by  CKR  Task  2^) 

A.  Transistor  Circuits 

During  the  past  month  the  response  time  of  the  MIT  f lipflop  was 
measured  using  triggering  pulses  with  rise  times  and  durations  of  half  a 
microsecond  or  less.  The  waveforms  obtained  from  the  output  of  the  f lipflop 
had  about  the  same  ri.se  and  fall  times,  and  varied  only  slightly  when  various 
transistors  were  substituted  in  the  f lipflop  circuit.  It  was  also  found  that 
the  positive  supply  voltage  to  the  f lipflop  could  be  decreased  by  50$  from 
^5  to  22  l/2  volts,  and  satisfactory  operation  was  still  observed.   The 
negative  supply  voltage  could  not  be  varied  separately  by  this  amount  with- 
out causing  failure  of  the  circuit  but  the  positive  and  negative  voltages 
could  be  decreased  simultaneously  by  half,  without  observing  a  failure. 

B.  Drum  Circuits 

During  the  first  part  of  the  month  time  was  spent  in  further 
reducing  noises  from  various  sources  which  would  affect  the  playback 
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amplifiers.  The  second  part  of  the  mcmth  consisted  in  measuring  end 
reducing  switching  and  recording  transients,  When  first  measured  these 
transient  times  were  about  1800  ^seconds  each.  Taking  every  8th  vord, 
the  maximum  that  could  be  allowed  is  1080  (the  rest  of  the  time  is  needed 
for  computation).  2y  suitable  circuit  changes  the  times  are  now  1000 
(iseconds. 

The  drum  test  unit  has  been  built.  Xt  will  contain  all  the 
necessary  circuits  to  operate  four  channels  of  the  drum  plus  the  control" 
tracks  of  the  drum  with  circuits  which  simulate  the  operation  of  the  ILLXA.C. 
A  drum  test  control  (logical  drawing  M-508  and  circuit  drawing  L-509)  has 
been  designed.  This  control  with  four  pulsers,  simulates  those  functions 
which  would  normally  be  performed  by  the  ILT.TAC  if  the  drum  were  connected 
to  it.  A  drum  memory  of  256  words  of  8  bits  each  will  initially  be  simulated. 
Single  or  successive  recording,  single  or  successive  playback,  or  alternate 
recording  and  playback  can  be  carried  out  at  an  address  selected  by  8  switches, 
C.  Memory  Sensing  Studies 

Experiments  with  special  sensing  systems  were  carried  out  as  in- 
dicated toward  the  close  of  last  month.  She  comparison  sensing  system  was 
tested  more  thoroughly  and  found  to  operate  about  as  well  as  the  TLTTAC 
system  but  not  better  in  any  significant  sense.  It  has  for  that  reason  been 
set  aside,  at  least  for  the  moment. 

jn   COKSTBOCTiaEF 

Construction  work  has  been  carried  out  on  the  drum  test  unit 
end  on  the  high  speed  punches. 
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UNIVERSITY  OF  ILLINOIS 
GRADUATE  COLLEGE 
DIGITAL  COMPTTER  LABORATORY 


TECHNICAL  PROGRESS 


REPORT 


June  16,  1953  -  July  15,  1953 


I        MATHEMATICAL  RESEARCH  AJTO  CCPIHO     (This  is  supported  In  part  by 

OSS.  Task  30) 

A  set  of  brief  descriptions  of  important  library  subroutines 
is  being  prepared.  Each  description  gives  only  the  information  required 
by  a  person  who  wishes  to  use  the  subroutine  0 

The  logical  algebra  subroutine  (Library  Code  8l)  has  been 
rewritten  to  provide  a  new  type  of  algebraic  operation,  two  new  types 
of  control  transfer,  and  new  Input  and  output  orders „  Some  revision  is 
still  necessary*  Dynamic  logical  design  theory  developed  by  Ia  S.  Reed 
at  Mo  Ic  T«,  has  been  modified  so  as  to  apply  to  ILLXAC  logic „  Work  is 
progressing  on  a  new  type  of  three~valued  logic  which  may  be  applicable 
to  dynamic  circuits c 

During  the  past  month  the  following  new  programs  have  been 

placed  in  the  library.  Codes  100  and  101  were  written  by  Professor 

J.  Ho  Snyder  of  the  Physics  Department. 

93 •  Iteration  Counter.  35  Words. 

This  program  may  be  used  to  determine  if  a  count  In  an 
unchecked  routine  is  performed  correctly  or  to  determine  the  number  of 
iterations  in  a  cycle, 

9^.  Post  Mortem  for  Fractions  and  Their  Locations.  31  Words. 

A  new  version  of  Code  56,  this  program  uses  less  storage  and 
prints  faster  by  suppressing  the  printing  when  a  memory  location  contains 
zero. 

95.  Check  Point  Routine  II.  57  words  plus  variables  storage. 

This  Is  an  improved  modification  of  Code  83  which  permits 
a  programmer  to  choose  seven  ways  of  printing  at  check  points  and  gives 
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him  vide  latitude  In  arranging  his  checking,, 

96.  Floating  Decimal  Logarithm  Auxiliary,,  59  Words  . 

Arranged  for  use  with  Code. 63,  this  auxiliary  replaces 
the  number  in  the  floating  accumulator  by  its  natural  logarithm,. 

97  •  Post  Mortem  for  Integers  and  Their  Locations «  38  Words  . 

This  is  a  new  version  of  Code  57  which  is  similar  to 
Code  9^o 

980  Poisson's  Equation,  Idebmann-Frankel  Methodo  65  words 
plus  grid  and  key  word  storage. 

This  code  solves  the  two-dimensional  Poisson  equation  for 
a  closed  region o  For  very  simple  boundaries  the  number  of  mesh  points 
is  limited  to  about  950 . 

99 »  Floating  Decimal  Cube  Boot  Auxiliary „  kl  Words. 

Arranged  for  use  with  Code  63,  this  auxiliary  replaces  the 
number  in  the  floating  accumulator  hy  its  cube  root. 

100.  Complete  Linear  Equation  Solver.  Entire  Program. 

This  program,  having  solved  up  to  37  linear  algebraic 
equations  by  the  method  of  Code  kj,  will  calculate  residuals  and  furnish 
an  Improved  set  of  answers  when  the  results  are  read  back  in.  The  process 
can  be  repeated.  Code  100  replaces  Code  7^  which  is  now  obsolete. 

101.  Sequence  of  Random  Numbers.  13  Words. 

Using  a  starting  value  suggested  by  H.  Metropolis  of  Los 
Alamos  this  routine  constructs  38  binary-digit  pseudo-random  numbers 
by  the  process  of  squaring  and  extracting  the  middle  digits.  The  pro- 
grammer can  choose  his  starting  point  in  the  sequence  produced.  After 
the  first  entry  6  of  the  13  words  can  be  dropped  from  the  routine. 

102.  Floating  Decimal  Exponential  Auxiliary.  25  Words. 

This  auxiliary,  for  use  with  Code  63,  replaces  the  quantity 
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x  in  the  floating  accumulator  by  e 


II    HEW  PROBLEMS  LISTED  WJR   TEE  MACHINE 


The  following  list  gives  problem  specifications  for  new 
problems  which  vere  tried  during  the  month ,  It  does  not  indicate  how 
the  computer  was  used  because  large  amounts  of  machine  time  may  have 
been  consumed  by  problems  with  numbers  less  than  165« 


KUMHER 

165 
166 
167 
168 
169 

170 
171 
172 

173 
Yjk 

175 
176 
177 
178 

179 
180 
181 
182 
183 


PROBLEM  SPECIFICATION 

Cube  root  auxiliary 

Differential  pair  cross  section 

Sequence  of  definite  integrals 

Eigenvalues  of  8  x  8  matrix 

Set  of  second  order  simultaneous 
differential  equations 

Radio  wave  propagation 

Logarithm  auxiliary 

Phi  coefficients 

Triplet  proton-neutron  scattering 

Two-point  boundary  value  problem 

Logical  algebra  subroutine 

Exponential  auxiliary 

Pattern  analysis 

Matrix  multiplication  auxiliary 

Letter  printing 

Simultaneous  linear  equations 

Milne's  method 

Compute  A  ' p 

Set  of  ^i"  order  differential 
equations 


AFFILIATIOH 

Computer 

Physics 

Math 

Computer 

Structural  Engr„ 

Electrical  EngTo 

Computer 

Bureau  Educational 
Research 

Physics 

Computer 

Computer 

Computer 

Psychology 

Computer 

Computer 

Psychology 

Computer 

Computer 

Computer 


Table  I  shows  the  distribution  of  machine  time  for  the  Interval 
June  16  through.  July  15,  1953  : 


TABLE  I 


h  m 

Engineering  8-12 

39*08 

Engineering  12-12 

35:37 

Idle 

s33 

Read-around  Tests 

17231 

Leapfrog 

56:5^ 

Digital  Computer  Laboratory 

Wheeler 

19:19 

Hash 

s05 

Polivka 

ikf 

Golub 

:58 

King 

:59 

Gregory 

'M 

Cobb 

ls26 

Muller 

3:1^ 

Others 

1:11 

Classes 

1:2^ 

Physics 

67:59 

CSL  (U.S.  Do A.  li-022-0rd.  721) 

38:20 

Structural  Engineering 

35:50 

Structural  Engineering  (AF-2kQSk) 

3:16 

Psychology 

k:28 

Psychology  (AF-25726A) 

3:07 

Special 

£05 

Electrical  Engineering 

3:30 

Chemistry 

M 

Agricultural  Economics 

7:55 

Chemical  Engineering 

17:11 

Mathematics 

1:^9 

Psychology  (UaSo  Public  Health 

3M-9020-C3) 

12:01 

Education 

**:^0 

Demonstrations 

-53 

Total: 


381S39 


The  recording  of  time  for  these  specific  contract  numbers  did  not 
start  until  July  1,  1953.  Some  time  on  these  may  be  listed  elsewhere 
during  the  preceding  two  weeks  - 
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ES.   ERROR  FREQTISmnr  AMP  AMAI3BIS 

The  machine  Is  normally  used  for  "engineering"  and  maintenance 
between  8  AM  and  12  IT,  and  for  a  check  of  its  performance  between  5  s  00  PM 
and  5*3°  FM  of  each  weekday..  Since  the  periods  between  8  in  the  morning 
and  noon,  together  with  certain  other  irregular  periods  like  Saturdays 
and  Sundays,  are  devoted  to  a  heterogeneous  group  of  functions,  it  is 
more  instructive  from  an  error  analysis  standpoint  to  look  at  the  periods 
between  noon  and  midnight  of  each  weekday  in  order  to  make  an  observation 
of  the  error  frequency  in  the  machine.  This  is  the  actual  period  when 
the  machine  is  designated  for  use.  With  this  in  mind  a  summary  table 
has  been  prepared  using  the  period  between  noon  and  midnight  of  each 
weekday.  This  table  lists  the  running  time  when  the  machine  was  operating, 
the  amount  of  time  devoted  to  repairs  because  of  breakdowns,  and  the 
number  of  failures  while  the  machine  was  listed  as  running  .  During  the 
5:00-5:30  period  (when  the  machine  is  checked)  if  no  errors  are  found, 
the  time  is  given  to  tne  "running  column"  „  Each  failure  was  considered 
to  have  terminated  a  running  period  and  was  followed  by  a  repair  period 
in  preparing  this  Table.  Since  the  leapfrog  code  is  very  probably  our 
most  significant  machine  test,  the  length  of  time  which  it  has  been 
used  on  the  machine  is  listed  separately  together  with  the  number  of 
errors  associated  with  that  particular  code.  This  information  for  the 
month  is  presented  as  Table  II. 
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SL        COMMSHTS  Off  THE  MACHXHE 

It  may  be  noted  that  the  number  of  machine  errors  during 
the  month  continues  to  he  higher  than  several  months  ago.  From  the 
table  it  can  he  seen  that  7  errors  are  due  to  the  punch,  6  errors  are 
due  to  the  reader,  15  errors  are  due  to  the  memory  (13  of  these  are 
0  to  1  failures),  and  16  are  listed  as  due  to  unknown  causes.   The 
remaining  errors  are  of  a  miscellaneous  nature. 

The  memory  errors  occur  most  frequently  at  the  upper  corners, 
a  fact  which  should  be  helpful  in  indicating  the  cause. 

V   RESEARCH  AKD  BEVELOFMSlgT  (Supported  in  part  by  OER  Task  2k) 

Ac  Drum  Circuits 

Measurements  were  made  of  the  amount  by  which  the  gain  of 
a  playback  amplifier  could  vary  and  still  operate  correctly  on  playback 
signals  occuring  at  both  the  maximum  and  minimum  frequencies  that  would 
be  encountered.  At  a  maximum  density  equivalent  to  6k  words  around  one 
track,  the  gain  could  vary  only  jhLO#.  Since  this  figure  applies  to  the 
complete  playback  system  of  head,  pre- amplifier  and  main  amplifier  and 
any  of  50  heads  and  pre-amplifiers  must  operate  with  a  given  main 
amplifier,  it  is  felt  this  tolerance  is  not  large  enough. 

The  effect  that  is  the  largest  factor  in  the  small  gain 
tolerance  is  the  decrease  in  amplitude  of  playback  signal  at  high  digit 
densities.  By  allowing  32  words  around  a  track,  the  digit  density  is 
reduced  to  52  bits  per  inch.  The  gain  tolerance  was  measured  to  be 
jboff  for  this  maximum  density. 
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Slnse  there  are  reports  of  successful  recordings  at  digit 
densities  at  least  as  high  as  150  per  inch  oar  lower  limit  is  evidently 
set  by  the  particular  head  structure  and  recording  surface  we  are 
using. 

It  is  planned  to  proceed  on  the  assumption  that  32  worts  will 
be  stored  per  track*  This  involves  no  changes  in  the  control  circuits 
other  than  that  the  word  counter  now  needs  to  count  only  to  32  instead 
of  6k0 

"Debugging"  of  the  control  circuits  in  the  control  circuit 
test  rack  was  started.  Control  track  leads  were  run  to  the  rack  from 
the  drum, 

B,  Transistor  Circuits 

During  this  month,  an  analysis  was  made  of  the  tolerance 
characteristics  of  the  two  transistor  flipflop  with  respect  to  the 
existence  of  two  non-saturating  stable  states,  This  analysis  indicates 
that  the  present  circuit,  or  any  minor  modification  of  it,  will  not 
meet  tolerance  requirements  comparable  to  those  which  our  present 
vacuum  tube  circuits  must  meet. 

If  only  components  external  to  the  transistor  vary,  such  as 
resistors  and  power  supply  voltages,  then  only  the  worst  possible  com- 
bination of  ten  per  cent  change  in  every  component  will  result  in  the 
loss  of  one  of  the  non-saturating  stable  states.  On  the  other  hand,  if 
the  external  components  are  held  constant  and  the  transistor  parameters 
are  varied,  one  of  these  states  is  lost  with  variations  appreciably 
smaller  than  those  allowed  by  the  manufacturer.  Thus  this  circuit  could 
not  be  expected  to  operate  with  all  of  the  transistors  which  the 
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manufacturer  considers  acceptable. 

Major  changes  in  the  circuit,  such  as  the  addition 
of  crystal  diodes  to  change  the  shape  of  the  input  isapedance  curve, 
will  he  necessary  if  the  circuit  is  to  operate  with  reasonable  variation 
in  transistors.  There  Is  no  certainty  that  such  changes  will  make  the 
circuit  satisfactory,, 

Co  Cathode  Ray  Tube  Output 

A  cathode  ray  tube  output  circuit  was  designed  during 
the  month  and  is  In  the  process  of  being  built.  This  circuit  is  de- 
signed to  attach  to  the  standard  machine  output.  It  is  asynchronous 
in  nature.  The  cathode  ray  tube  output  order  will  successively  take 
4  sexadecimal  digits  from  the  2,2  ,2  ,  2  °  R.  positions  on  either 
the  82  or  92  orders  and  place  them  In  a  buffer  register  and  then  allow 
the  machine  to  proceed.  The  scope  is  brightened  up  lafter  the  machine 
has  been  released.  The  length  of  this  bright-up  pulse  is  set  by  a 
pulser.  It  has  been  ascertained  that  a  250  pis  bright-up  pulse  is 
satisfactory.  This,  along  with  the  output  shifting  time,  indicates 
that  lkOO  spots  per  second  (as  an  upper  limit)  may  be  plotted  with  this 
output „ 

VI    CORBTRPCTigff 

1.  Punch  output  table, 

2.  Punch  output  chassis  assembled  but  not  wired, 

3.  Two  chassis  for  cathode  ray  tube  output  assembled 
and  partly  wired  (Drawing  Wo»  L-515  and  L-5lfc)> 

h*    Regulator  for  ILLIAC  address  generator  (Drawing  No.  S-5l6)„ 

5o  Checked  500  815  tubes, 
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60  Built  and  installed  new  output  switch  for  ILLIAC, 

7.  -2000v  power  supply  for  cathode  ray  tube  output 
(Drawing  No.  M-519), 

8.  Cathode  ray  tuba  bleeder  and  circuits  for 
cathode  ray  tube  output  (Brawing  Ho.  S-517). 


vn 
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UNIVERSIT?  OF  ILLINOIS 
GRADUATE  COLLEGE 
DIGITAL  COMPUTER  LABORATORY 


TECHNICAL  PROGRESS 
REPORT 


July  16,  1953  -  August  15,  1953 


I   MATHEMATICAL  RESEARCH  AM)  CODING  (This  is  supported  in  part  by 

OMR   Task  30) 

During  the  past  month  the  following  new  programs  have  "been 
placed  in  the  library.  Code  107  was  written  by  Br.  R.  H.  Brown  of  the 
Control  Systems  Laboratory. 

IO3.    Order  Pairs  Post  Mortem^  3£  words. 

This  is  an  improved  version  of  Code  59  which 
it  replaces. 

10k.         Matrix  Multiplication  Auxiliary »  26  words  with 
punch  out;  21  words  without  punch  out. 

This  code,  used  with  Floating  Decimal  Code  63, 
accepts  matrix  elements  in  floating  decimal  form. 

105.    Integral  Root  A  'p .  2k  words. 

This  code,  given  A  and  the  positive  integer  p, 
computes  A  '**   by  Newton's  method. 


106.    Fractional  Power.  18  words 


this  code  uses  the  binomial  expansion  to 
determine  A  . 

107.    Arithmetic  Programme n^  Code.  2$h  yor&su 

This  interpretive  routine  is  designed  to  program 
and  to  punch  out  the  sequence  of  orders  necessary 
to  perform  numerically  any  set  of  mathematical 
operations  expressable  with  machine  orders  or  with 
certain  types  of  library  subroutines.  The  programmer 
prepares  his  problem  in  a  form  very  similar  to  an 
oral  reading  of  the  function  equation,  giving  orders 
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for  parentheses,  etc  The  program  is  especially 
biased  toward  simple  and  efficient  coding  of 
routines  for  evaluating  functions  like 

Fna-bs-cd-^  (e*f)/(g-8*h)-9-  sin  (j-J-k)  . 

108.    Shifting  Sum  Check.  .  11  words . 

The  previous  sum  check  (Code  76)  has  the  dis- 
advantage that  if  the  number  of  errors  in  digit 
position  2~m  Is  divisible  by  2m*1,  and  if  the 
errors  are  in  the  same  direction*  then  they  will 
not  be  detected.  By  shifting  before  summing 
Code  108  avoids  this  difficulty. 

//o  , 

Iff?.         Cathode  Ray  Tube  Fractional  Post  Mortem.  63  words. 

This  code  displays  on  the  cathode  ray  tube  output 
selected  sets  of  10  consecutive  signed  12-place 
decimal  fractions.  In  action  and  layout  it  is 
very  much  like  Code  9^« 

II   Wi  PROBLEMS  LISTED  FOR  THE  MACHINE 

rPhe  following  list  gives  problem  specifications  for  new 
problems  which  were  tried  during  the  month.  It  does  not  indicate 
how  the  computer  was  used  because  large  anounts  of  machine  time  may 
have  been  consumed  by  problems  with  numbers  less  than  18^. 
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HUMBER 


PROBLEM  SPECIFICATION 


l8U 

Phi  coefficients 

185 

Pair  production 

186 

Analysis  of  soil  productivity 
data 

187 

Simultaneous  equation  floating 
auxiliary 

188 
189 

190 

191 
192 
193 
19^ 

195 

196 

197 
198 


Phi  coefficients 
Principal  components 
Arctangent  floating  auxiliary 
Ranking  of  factor  scores 
Dynamic  buckling  of  rings 
Matrix  multiplication 
Integrate  reaction  equations 
Compute  fractional  powers 
Compute  stresses  in  cylinders 
Set  of  differential  equations 
Compute  correlations 


AFFILIATION 

Psychology 
Physics 

Agronomy 

Computer 

Psychology 
Inst.  Juv.  Research 

Computer 
Inst.  Juv.  Research 
Structural  Engr. 
Inst.  Juv.  Research 

Physics 

Computer 

Computer 

Physics 
Insto  Comm.  Research 
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Table  I  shows  the  distribution  of  machine  time  for  the 
interval  July  16  through  August  J,   1953: 


TABLE  I 


h  m 


Engineering  8-12 

2^:55 

Engineering  12-12 

35 :03 

Leapfrog 

28:^0 

Re ad- around  Tests 

15:26 

Idle 

:52 

Digital  Computer  Lab 

Wheeler 

66:^8 

Nash 

2:58 

Golub 

2:06 

Polivka 

2:03 

King 

1:18 

Cobb 

1:08 

Muller 

1:06 

Robertson 

:01 

Others 

^:06 

Physics 

77:31 

CSL  (U.S.D.A.  11-022  OKD.  721) 

31:0^ 

Structural  Research 

29:18 

Psychology  (AF  25726A) 

21?28 

Structural  Research  (NOBS  62250) 

18:57 

Agronomy 

1^:33 

Electrical  Engineering 

12:11 

Structural  Research  (AF  2^99^) 

6:17 

Psychology 

h-.12 

Psychology  (U.Sa  PubD  Health 

3M-9020-C3) 

lnois- 

Institute  for  Juvenile  Research 

3:51 

Chemistry 

:k8 

Math  Statistics 

:^3 

Chemical  Engineering 

:26 

Demonstrations 

:20 

Totals 

k  12  s  53 

aJtatMw  ;it^s  sn/<  oooi 


Ill    ERROR  FREfePSNCY  AW  AHALYSIS 

The  machine  Is  normally  used  for  "engineering"  and  maintenance 
between  8  AM  and  12  H,  and  for  a  check  of  its  performance  between 
5:00  PM  and  5*30  PM  of  each  weekday „  Since  the  periods  between  8  in 
the  morning  and  noon,  together  with  certain  other  irregular  periods 
like  Saturdays  and  Sundays,  are  devoted  to  a  heterogeneous  group  of 
functions,  it  is  more  instructive  from  an  error  analysis  standpoint  to 
look  at  the  periods  between  noon  and  midnight  of  each  weekday  in  order 
to  make  an  observation  of  the  error  frequency  in  the  machine  „  This  is 
the  actual  period  when  the  machine  is  designated  for  use.  With  this 
in  mind  a  summary  table  has  been  prepared  using  the  period  between 
noon  and  midnight  of  each  weekday.  This  table  lists  the  running  time 
when  the  machine  was  operating,  the  amount  of  time  devoted  to  repairs 
because  of  breakdowns,  and  the  number  of  failures  while  the  machine 
waa  listed  as  running .  During  the  5:00-5:30  per" 
is  checked)  if  no  errors  are  found,  the 
column" c  Each  failure     onside 
and  was  followed  by  a  repair  period 
leapfrog  code  is  very  probably  our  mos 

length  of  time  which  it  has  been  used  on  the  machine  is  listed  sep. 
together  with  the  number  of  errors  associated  with  that  particular 
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IV    CCMMBHTS  OH  THIS  MACE03E 


The  ILLI&C  was  "officially"  shut  down  at  the  close  of  the 
day,  August  7,  and  will  be  down  for  about  five  weeks  *7hile  new 
covers  are  installed.  However,  despite  the  loss  of  a  week  in  the 
July  l6-August  15  period,  it  x^ill  be  noted  that  the  total  machine 
time  was  more  than  30  hours  greater  than  for  the  June  l6-July  15 
period.  This  was  because  of  overtime  running  to  clear  up  the  work 
backlog  before  the  shut-down. 

The  error  analysis,  for  purposes  of  simplicity  and  uniform 
comparison,  is  always  made  for  the  12-hour  time  interval  between 
noon  and  midnight  so  that  overtime  running  does  not  show.  It  will 
be  noted  that  on  August  5,   6  and  7  there  were  3  days  giving  36 
successive  error- free  running  hours .  The  record  is  actually  much 
better  than  that.  From  the  time  of  the  shorted  tube  on  August  k  until 
the  machine  was  actually  turned  off  on  the  morning  of  August  9  it  was 
run  106  hours.  In  this  106-hour  period  only  one  known  error  occurred, 

There  seems  to  be  a  good  reason  for  this  record  performance. 
On  August  3  there  ended  a  systematic  cheeky which  had  taken  about  6 
weeks,  of  all  of  the  tubes  not  in  the  adder  or  pluggable  memory  circuits. 
In  this  check  5^3  tubes  were  replaced.  (The  shorted  tube  found 
August  h  had  "oeen   checked  and  put  back  as  good.)  Table  III  shows  the 
results.  It  is  now  planned  to  test  tubes  in  a  periodic  way  so  that  all 
tubes  will  be  tested  about  twice  a  year,  or  about  every  2000  hours  of 
running  time. 
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TABLE  III.  TUBE  TEST  RESULTS 


TUBE 
TYPE 

TUBE 

COMPLEMENT 

OP 

COMPUTER 

NUMBER  OF 

TUBES 
CHECKED 

■  '■■■'  '■■      ■*■■■ ■       ■■ 

TUBES     REPLACED 

NUMBER 

PERCENT 

lPfc2 

1 

1 

2C51 

290 

207 

12 

5.8 

3B29 

1 

3KP1 

ko 

5UP1 

2 

6AG7 

6 

k 

6AK5 

109 

20 

k 

20.0 

6AL5 

211 

50 

6AQ5 

50 

10 

3 

30.0 

6AS7G 

12 

12 

6AU6 

ko 

6BQ7 

72 

15 

2 

13.3 

6J6 

lkB6 

1003 

288 

28.7 

12AT7 

2 

2 

12AU7 

50 

10 

12AX? 

17 

17 

9 

52.9 

5583 
(QaB  Photo- 
tubes ) 

8 

5687 

373 

372 

265 

71.2 

Pilot  Lamp 

2 

Pro J.  Lamp 

1 

OB  2 

l 

Totals: 

277^ 

1723 



583 

33-8 
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V        RESEARCH  AM)  DEVELOPMENT     (This  Is  supported  in  part  by  OUR  Task  2*0 

A.  Dram  Circuits. 

The  necessary  control  tracks  have  been  recorded.  These  supply 
one  pulse  per  revolution,  one  pulse  per  word,  and  one  pulse  per  digit. 
The  same  signals  can  be  used  with  the  full  6^00  word,  memory  as  well  as 
with  the  test  unit. 

The  word  counter,  coincidence  gating  control,  record  gating 
circuits  and  playback  gating  circuits  are  now  working.  Several  circuits 
associated  with  the  record  and  playback  amplifiers  have  yet  to  be  made  to 
work. 

B.  Tape  Comparison  Unit. 

The  logical  design  for  a  tape  comparer  using  two  photoelectric 
readers  has  been  completed,  as  has  the  design  of  the  circuits  for  the 
comparison  unit.  The  design  of  the  control  circuits  is  not  yet  complete. 

C.  Cathode  Ray  Tube  Output. 

Described  briefly  In  last  month's  report,  this  unit  is  now 
operating.  It  uses  information  similar  to  that  given  to  the  punch,  and 
both  82  and  92  output  orders  may  be  used.  Sixteen  binary  digits  furnish 
the  coordinate  information,  the  first  8  giving  X  and  the  second  eight 
giving  Y.  The  beam  is  then  turned  on  at  the  location  defined.  At  Its  present 
location  in  the  memory  laboratory  about  50  feet  from  the  computer  the  maximum 
output  speed  is  about  1000  points  per  second.  This  speed  can  be  nearly  doubled 
vhen  the  unit  is  moved  into  the  computer  room.  Tests  indicate  that  a 
50  microsecond  exposure  time  is  sufficient  for  satisfactory  photographs 
vlth  the  Ff  phosphor  now  In  use.  A  Pll  phosphor  will  probably  be  used  later. 
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D.  Static  Memory. 

The  design  for  an  experimental  static  memory  with  faster 
read  out  time  than  the  Williams  memory  but  with  no  fast  read  in  time 
is  nearly  complete.  This  system  will  employ  a  flying  spot  tube  for 
reading  into  and  out  of  sheets  of  film.  The  film  sheets  trill  be  pre- 
pared by  a  comparatively  slow  process  using  the  flying  spot  tube,  and 
in  reading  out  the  beam  will  be  deflected  to  appropriate  locations 
on  the  film.  With  proper  arrangement  it  is  believed  that  as  many 
as  4,096  spot6  can  be  stored  on  the  film  sheet  (or  slide).  The  address 
generator  will  be  stabilized  by  using  two  monitor  tubes  with  masks 
as  size  references.  A  memory  of  this  kind  will  not  be  flexible  like 
a  Williams  memory  but  it  has  many  uses.  For  example,  if  it  is  practicable 
the  entire  library  of  subroutines  could  be  stored  permanently  and  made 
quickly  available.  Words  with  changing  parts  and  temporary  storage 
would,  of  course,  have  to  be  stored  in  the  dynamic  memory. 
E.  Transistor  Circuits 

In  the  last  month  two  modifications  of  the  two-transistor 
flipflop  have  been  studied  from  the  standpoint  of  d-c  tolerance  characteristics, 
The  first  modification,  designed  to  make  the  emitter  "peak  voltage  point" 
more  positive  and  to  increase  the  negative  resistance  for  small  positive 
emitter  currents,  requires  an  additional  supply  voltage,  resistor  and 
crystal  diode  in  the  base  circuit.  The  second  modification  is  similar 
to  the  first  but  requires  an  extra  diode  to  move  the  "peak  voltage  point" 
near  zero.  Analysis  of  these  circuits  has  not  been  completed,  but 
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present  results  indicate  that  the  first  modification  will  not  have 
the  desired  tolerance  characteristics. 

The  open-emitter  d-c  collector  resistance  of  65  type  1698 
transistors  was  measured.  Values  vere  appreciably  larger  than  those 
which  were  expected  or  the  basis  of  the  manufacturer's  advance  data 
sheet. 

VI  CONSTRUCTION 

1.  Tape  punch  control  chassis  built  and  installed  in 
punch  output  table  (Drawing  M-k6o). 

2.  Cables  for  punch  and  CRT  output  installed. 

3.  Chassis  for  second  CRT  output  built. 
h.     Checked  800  type  6BQ7A  tubes . 

VII  PERSONNEL 

The  personnel  associated  with  the  group  and  hence  the 
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Cobb,  Miss  Bessie  (l/2  time)  Michael,  G.  W. 

Golub,  Gene  (l/2  time)  Miller,  R.  E.  (l/2  time) 

Ehrlich,  George  Muerle,  J.  L.  (l/2  time) 

House,  Mrs.  Natalie  R.  Muller,  D„  E. 

Huffman,  W.  L.  Nash,  J.  P. 

Jones,  W.  E.  Polivka,  R.  P.  (l/2  time) 

Kerkering,  T.  E.  Robertson,  J.  E. 

King,  Richard  (l/2  time)  Russell,  Miss  Ramona 

Kudlich,  R.  A.  (l/2  time)  Shapin,  Theodore,  Jr. 

Lopeman,  H.  E.  Stone,  D.  E. 

Wier,  J.  M. 

On  August  10th  Miss  Cobb  terminated  her  work  at  the 
laboratory. 
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The  work  of  the  group  is  under  the  administration  of  an 
Executive  Committee  with  the  following  members:  IT,  M.  ITewmark,  Chairman, 
D.  E.  Muller,  J.  P.  Hash,  J.  E.  Robertson,  A.  Ho  Taut  ana  R.  E.  Meagher. 
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DIGITAL  COMPUTER  LABORATORY 


TECHNICAL  PROGRESS  REPORT 


August  16,  1953  -  September  30,  1953 


I   MATHEMATICAL  RESEARCH  AND  CODING.  (This  ie  s  lpported  in  part  by 

OHR  Task  JO) 

The  Illiac  has  been  shut  down  during  tl  ?  entire  period  covered 
by  this  report  and  therefore,  since  all  library  c odes  must  be  machine 
tested,  no  new  programs  have  been  placed  in  the  library  since  the  last 
report . 

Several  new  programs  have  been  written  and  will  be  tested  as 
soon  as  the  Illiac  is  operating  on  October  5th.  Among  these  are  the 
solution  of  a  system  of  differential  equations  by  Milne's  method  and 
matrix  inversion  by  making  use  of  the  eigenvalue  program  (Library  Code 
#^2).   This  is  an  interim  method  for  matrix  inversion  and  will  be 
replaced  later  by  a  more  compact  program.  A  program  for  solving  second 
order  differential  equations  with  two  point  boundary  conditions  has  also 
been  prepared  and  is  ready  to  be  tested.  Programs  for  aiding  in  the  use 
of  the  oscilloscope  output  through  subroutines  which  plot  axes,  sequences 
of  points,  and  letters  and  figures  have  been  outlined  and  are  nearly 
ready  for  testing. 

One  change  in  the  Order  Code  has  necessitated  an  examination 
of  the  library  subroutines.  This  is  the  modification  of  the  divide 
order  which  causes  the  Illiac  to  stop  if  the  division  is  improper.  In 
a  few  library  routines  improper  divisions  have  been  made  use  of  or 
cause  no  trouble,  and  these  will  have  to  be  modified.  For  example,  the 
simultaneous  equations  program  has  a  place  where  the  division  of  0  by  0 
may  occur.  This  caused  no  difficulty  before.  Most  library  subroutines 
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are  unaffected  by  the  change  in  the  divide  order  and  some  of  them 
are  improved.  The  Illiac  will  now  stop  if  the  user  of  the  square 
root  subroutine  tries  to  extract  the  square  root  of  a  negative  number. 

II  CODING  MAMIAL 

Members  of  the  staff  of  the  laboratory  have  now  finished 
drafts  of  12  chapters  of  a  ik   chapter  coding  manual  being  written  to 
aid  persons  in  the  University  in  learning  how  to  use  the  Illiac.  Ten 
of  these  chapters  have  been  duplicated  and  distributed  within  the 
laboratory  for  comment,  and  a  few  of  them  are  being  used  as  supplementary 
material  in  Mathematics  3^5 >   the  first  coding  course. 

III  CHANGES  IN  ILLIAC 

The  machine  was  shut  down  at  the  close  of  the  day  on  August  'Jth, 
Since  that  time  a  new  set  of  covers  was  installed  on  the  machine  and 
certain  changes  have  been  made  in  the  circuits  which  increase  the  machine 
speed  and  add  new  orders. 

The  new  covers  which  have  been  installed  are  the  covers  which 
were  originally  ordered  for  the  Illiac,  but  which  were  not  finished 
before  September  1952  when  the  machine  was  put  into  operation.  The  new 
covers  have  been  put  on  the  machine  principally  because  they  make  it 
easy  to  get  into  the  machine.  The  temporary  doors  were  fastened  with 
a  large  number  of  screws;  the  new  ones  are  hinged.  Th©  doors  can  be 
easily  removed  if  it  is  desirable  and  the  machine  presents  a  better 
appearance . 

One  change  in  the  circuits  within  the  machine  involves  the 
addition  of  the  "orange  gate".  This  allows  a  "straight  down"  shift  from 
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R  to  R.,  of  the  accumulator  (A  register)  and  makes  the  former  addition 
sequence  of  shifting  first  right  and  then  left  unnecessary.  The 
resulting  saving  in  time  reduces  the  addition  order  time  by  one  memory 
period.  Including  memory  access  for  the  addend,  the  addition  order 
time  is  now  three  memory  periods  (of  19  microseconds  each)  giving  an 
addition  order  time  of  57  microseconds .  In  order  to  allow  for  getting 
the  addition  order  from  the  memory  the  addition  order  time  in  a  code 
would  be  k  x  19  ffi  76   microseconds.   The  actual  orange  gate  tubes  in 
RI  were  already  in  the  machine  but  needed  to  be  appropriately  wired, 
numerous  other  control  changes  were  necessary,  however,  to  put  the 
orange  gate  operation  into  effect. 

Other  changes  have  been  made  in  the  control  which  extend  the 
order  code  by  adding  nine  new  multiplication  orders,  bringing  the  total 
to  twelve,  and  by  adding  a  special  series  of  addition  orders.   The 
multiplication  orders  now  have  the  same  variations  as  the  addition 
orders.  The  new  special  series  of  addition  orders  called  F  and  K 
orders  are  similar  to  L  and  S  orders  respectively  but  differ  from  the 

L  and  S  orders  by  2   .   In  order  to  carry  out  correct  arithmetic 

-39 
2    has  been  automatically  "added"  under  certain  conditions  with  L 

.•5Q 

and  S  orders.  The  P  and  K  orders  do  not  add  2  J    when  the  I.  and  S 

orders  do,  and  the  F  and  K  orders  do  add  2  J  when  the  L  and  S  orders 

-39 
do  not.   An  F5n  order  adds  2    to  a  positive  number  at  n  and  puts  the 

result  in  the  accumulator.  Before  the  F5  order  was  available  this 

would  have  taken  two  orders. 

A  further  circuit  change  makes  the  machine  stop  on  an  improper 


J*. 

division. 

A  three  page  description  of  the  new  orders  Is  available. 

The  machine  will  be  available  for  regular  use  on  October  5th. 
IV   TAPE  PREPARATION  FACILITIES 

A  number  of  additional  pieces  of  Teletype  equipment  which 
have  been  on  order  for  nine  months  have  been  received.  These  will 
very  considerably  increase  the  tape  preparation  facilities  of  the 
laboratory.  The  new  units  are: 

2  Reperforators, 

3  Transmitter-Distributors, 
2  Keyboard  Punches, 

1  Page  Printer. 

The  punches  and  the  page  printer  need  to  be  altered  to  work 
properly  from  our  sexadecimal  code.  It  has  been  found  possible  to 
separate  the  "figures  shift"  and  "space"  functions  which  were  formally 
obtained  only  together.  This  changes  the  figures  shift  arid  letters 
shift  characters  and  adds  several  new  extra  features  Including  two 
delay  characters  which  are  desirable  for  even  margins  on  the  page.  This 
will  affect  those  codes,  written  in  the  past,  which  use  letters.   The 
tape  code  for  the  new  function  characters  is; 


TAPE  HOLES 

FUNCTION 

00.000 

Space 

0  „  o 

Carriage  Return  and  Line  Peed 

0  .0 

Letters  Shift 

00.  00 

Figures  Shift 

00. 

Delay 

0  . 

Delay 
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1      AUXILIARY  MAGNETIC  MEMORY.  (This  is  supported  in  part  by  OHR  Task  2*0 

Using  the  test  circuits  and  k   channels  of  the  magnetic  drum, 
it  has  been  possible  to  transfer  ^0  digit,  vords  from  a  ^0  digit  register 
to  the  drum  at  any  location  on  the  h   channels,  and  it  has  also  been 
possible  to  make  the  reverse  transfer.  The  circuits  have  been  operating 
well  and  correct  operation  of  these  circuits  have  been  obtained  for 
periods  of  30  minutes.  At  the  present  time  an  experimental  study  is 
being  made  of  the  tolerances  of  the  voltages  associated  with  reading  and 
recording  and  of  the  timing  of  the  pulses  which  are  used  for  coincidence 
and  other  reasons.  If  the  circuits  for  the  drum  prove  to  be  entirely 
satisfactory,  it  will  be  necessary  to  construct  200  amplifiers  and  to 
build  a  final  framework  and  cabinet  for  the  circuits.  All  of  the  control 
circuits  which  are  now  in  use  may  be  used  directly  on  the  final  assembly. 

Information  is  currently  being  stored  at  a  density  of  thirty- two 
kk  digit  spaces  per  circumference  as  compared  to  sixty-four  kk   digit 
spaces  as  the  drum  was  originally  planned  some  time  ago   This  change 
has  been  necessitated  because  of  the  frequency  response  of  the  recording 
heads.  The  tolerance  work  on  the  drum  should  be  finished  by  October  15th. 
VI   RESEARCH  AM)  DEVELOPMENT.  (This  is  supported  in  part  by  0ER  Task  2*0- 

A  study  has  been  made  of  a  high  speed  output  using  an  oscillo- 
scope display  and  a  study  has  been  made  which  suggests  a  scheme  for  core 
memories  which  would  allow  larger  safety  factors  for  a  given  type  of  core 
than  those  which  have  been  designed  in  the  past.  Brief  discussions  of 
these  items  are  presented  here. 
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A.  High  Speed  Output 

An  oscilloscope  output  for  the  machine  has  been  built.  This 
output  has  been  described  briefly  in  the  two  preceding  monthly  reports 
and  is  arranged  so  that  the  leftmost  16  binary  digits  from  the  accumulator 
can  be  used  to  supply  the  Y  and  X   coordinate  information  for  brightening 
up  one  spot  on  an  oscilloscope  tube.  The  first  8  digits  supply  the  Y 
coordinate  and  the  second  8  digits  supply  the  X  coordinate.  Using  this 
oscilloscope  output,  it  is  possible  to  form  characters  of  many  shapes 
with  the  Illiac  and  display  them  by  means  of  a  succession  of  spots. 
With  the  addition  of  more  equipment  it  would  be  possible  to  display  a 
complete  character  on  the  oscilloscope  face  for  each  output  order  from 
the  Illiac. 

About  350  tubes  and  3°°  magnetic  cores  would  have  to  be  added 
to  the  oscilloscope  output  before  it  would  be  possible  to  display  an 
entire  character  for  each  output.  The  output  speed  has  been  estimated 
at  from  500  to  1000  characters  per  second  depending  upon  the  amount  of 
detail  which  would  need  to  be  allowed  for  each  character.  A  complete 
system  of  this  type  will  be  described  in  an  internal  report. 

B.  Core  Memories 

The  desire  for  larger  high  speed  memories  initiated  a  number 
of  experiments  on  Williams-tube-like  systems.  Hone  of  these  produced 
results  which  would  indicate  large  possible  improvements  in  circuits. 
Improvements  in  tubes,  of  course,  would  be  of  great  benefit.  This 
laboratory  has  a  set  of  60  cathode  ray  tubes  type  C73621  on  order  from  RCA. 


These  tubes,  made  on  a  developmental  basis  are  expected  to  be  considerably- 
better  than  the  selected  3KP1  tubes  now  In  use. 

Several  preliminary  considerations  of  core  memories  have  been 
made  and  information  has  been  received  from  other  laboratories  on  core 
work,  notably  the  work  at  M.I*!'. ,  and  at  the  LC.A,  Princeton  Laboratories 

It  now  appears  that  a  significant  Improvement  could  be  made 
by  using  magnetic  switches  in  a  more  generous  fashion  with  a  different 
selection  scheme. 

The  scheme  can  be  described  in  this  way:  If  one  considers  the 
present  Illiac  memory  of  102*J-  numbers  of  ko  binary  digits,  the  corres- 
ponding core  memory  which  is  usually  proposed  has  32  selection  wires 
vertically  and  32  selection  wires  horizontally.  Many  of  the  cores  then 
need  to  discriminate  between  a  one  wire  excitation  (should  not  produce  a 
core  output  signal)  and  a  two  wire  excitation  (should  produce  a  core 
output  signal).  If  instead  a  switch  matrix  of  102*1-  cores  is  used 
the  one  selected  coi^e  could  be  used  to  excite  kO   cores  of  the  main  memory. 
The  102*1-  switch  cores  would  need  to  have  "high"  quality  rectangular. 
hysteresis  loops,  but  the  ^0960  cores  could  have  relatively  poorer 
characteristics.  Only  a  single  selection  wire,  a  "Z  axis"  would  be 
required  for  a  core  signal.  Variations  of  this  could  be  used  with  either 
a  dynamic  or  a  static  (for  subroutines)  memory.  Reports  describing  these 
will  be  written  if  further  study  does  not  find  a  disadvantage. 
VII   SEMINARS 


September  23,  1953 

Subsidiary  Conditions  Applied  to  Switching  Functions 

By  David  E.  Muller 
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September  30,  1953 

Relative  Rates  of  Output  and  Output  Devices  for  Digital 
Computers 

By  Joseph  M.  Wier 
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UNIVERSITY  OF  ILLINOIS 
GRADUATE  COLLEGE 
DIGITAL  COMPUTER  LABORATORY 


TECHNICAL  PROGRESS  REPORT 


October  1,  1953  -  October  31,  1953 


I   MATHEMATICAL  RESEARCH  AflD  CODING  (This  work  is  supported  in  part  by 

OMR  Task  30) 

Polynomial  Approximations .   Testing  is  nearly  complete  of  a 
program  for  preparing  on  the  Illiac  the  shortest  polynomial  appro:  imat ion 
to  kf(ax  +  b)  over  the  range  c<£   x*£*d  with  maximum  error  ^.g,  g:  Ten 
sufficient  terms  of  the  Taylor  series  expansion  of  f (x) .  This  pr?  gram  will 
lead  to  economy  in  several  future  programs  which  would  otherwise  1  >.se   in- 
efficient approximations  because  of  the  difficulty  in  computing  hotter  ones. 

Floating  Point  Auxiliary.   Intended  primarily  for  use  .n  Mathematics 
385,  a  tape  is  being  prepared  which  will  contain  Floating  Decimal  Code  65  and 
all  of  the  auxiliaries.  Thus  far  sine  and  cosine  ,and  a  new  exponential 
auxiliary  have  been  written.  These  have  been  tested  without  final  values  for 
the  coefficients  In  the  polynomial  approximation  so  that  the  above  mentioned 
polynomial  approximation  code  can  be  used  for  the  final  computations. 

In  addition  to  the  usual  auxiliaries  the  tape  will  also  contain  a 
subroutine  (which  they  use)  for  converting  numbers  from  floating  to  nonfloating 
form.  An  Input  routine  has  been  written  to  simplify  handling  constants  when 
a  floating  point  is  used.  This  code,  which  is  now  operating,  allows  constants 
to  be  read  in  the  same  way  as  Code  90.  For  example,  8UN  *  6957  -  02  will 
cause  0.6957  x  10"  to  be  added  to  the  floating  accumulator. 

The  final  long  tape  will  make  it  easier  for  students  in  Mathematics 
385  to  learn  to  write  short  routines  using  interpretive  orders. 

Dynamic  Switching  Circuits .   Additional  work  has  been  done  In  the 
theory  of  dynamic  asynchronous  switching  circuits.  Transmission  of  information 
using  such  circuits  has  been  studied. 
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Polynomial  Minimisation.   An  internal  report  on  the  minimization 
of  polynomials  subject  to  subsidiary  conditions  has  been  written  and  an  Illiac 
program  for  carrying  out  this  process  has  been  prepared. 

Machine  Timing  Code.   A  program  which  will  simplify  determination 
of  speeds  of  basic  machine  operations  such  as  the  memory  period  and  the 
arithmetic  and  shift  orders  is  being  prepared. 

Boundary  Value  Differential  Equation.   A  code  using  the  floating 
decimal  program  is  being  written  for  solving  second  order  differential  equations 
with  two  point  boundary  conditions. 

Automatic  Eigenvalues  and  Eigenvectors .   This  code,  which  is  now 
working,  requires  only  that  the  coder  present  to  the  Illiac  the  matrix  to  be 
analyzed  and  two  parameters,  the  order  n  of  the  symmetric  matrix  and  the 
number  g  of  decimal  digits  to  be  printed  in  the  results. 

Matrix  Inversion.   The  matrix  inversi  >n  code  mentioned  in  the  last 
report  is  now  working.  It  uses  the  eigenvalue-eigenvector  code  and  can  invert 
symmetric  matrices  up  to  order  23,  taking  1^  1/2  minutes  for  this  case.  Since 
the  eigenvalues  are  obtained,  we  have  a  measure  s/&  of  the  matrix  conditioning 
where  s  and -^  are  the  smallest  and  largest  eigenvalues.  The  quantity|s/^  j 
will  be  printed.  Non-symmetric  matrices  can  be  handled  by  using  Code  91> 
the  matrix  multiplication  code,  to  make  the  matrix  symmetric  by  multiplying 
by  the  transpose.  The  inverted  matrix  is  then  multiplied  again  by  the  transpose. 

Ordinary  Differential  Equations .   A  code  for  solving  a  system  of 
first  order  ordinary  differential  equations  by  Milne's  method  is  now  working.' 

Since  the  last  report  the  following  new  programs  have  been  placed 
in  the  library: 
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111.  Zero  of  a  Solution  of  a  Differential  Equation. 

l6  Words. 

This  routine  enters  Code  ll4  (or  the  obsolete 
Code  27)  repeatedly,  adjusting  the  size  of  the  steps 
until  a  selected  variable  y.,  chosen  by  a  program 
parameter,  vanishes. 

112.  Solution  of  a  Set  of  Simultaneous  Linear  Algebraic 
Equations.   8^  Words_o_ 

This  code  replaces  Code  kj  which  will  be  with- 
drawn. Code  112  has  had  orders  for  decreasing  read 
around  removed  and  does  not  hang  up  on  division. 

113.  Automatic  Linear  Equation  Solver . 

This  code  replaces  Code  51  la  the  same  way  that 
Code  112  replaces  Code  kj, 

114.  Runge-Kutta  Solution  of  a  System  of  Ordinary  Differential 
Equations .  kl  Words . 

This  Is  a  re-written  version  of  Code  27,  which  is 
now  considered  obsolete. 

115.  Milne T s  Method  for  Solving  a  System  of  Ordinary 
Differential  Equations .  l&  Words . 

116.  Square  Root.   £  Words,.. 

This  replaces  Code  21  which  had  10  words.  The 
reduction  in  length  is  obtained  by  using  one  of  the 
new  K- orders. 

II   MACKEHS  USE 

The  following  list  gives  problem  specifications  for  new  problems 
which  were  tried.  It  does  not  Indicate  how  the  computer  was  used  because 
large  amounts  of  machine  time  may  have  been  consumed  by  problems  with  numbers 
less  than  199. 
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flOMBER 

199 

200 

201 
202 

203 

20U 

205 

206 
207 
208 

209 

210 

211 
212 
213 
2lU 
215 
216 
217 
218 


PROBLEM  SPECIFICATION 

Solution  of  simultaneous  equations 

Stresses  in  Cylindrical  Pressure 
Vessels 

Product  Moment  Coefficients 

Response  Pattern  Analysis 

Boundary  Value  Differential  Equation 

Curve-plotting  Demonstration 

Floating  Decimal  Subroutines 

Simultaneous  Equations 

Integration  of  Differential  Equation 

Calculation  of  Covariance  Matrix 

Random  Walk 

Trajectories  in  Electron  Cyclotron 

Inversion  of  a  Symmetric  Matrix 

Automatic  Eigenvalues  and  Eigenvectors 

Highway  Inpact  Differential  Equation 

Synchrotron  Orbits 

Eigenvalues  and  Eigenvectors 

Dynamic  Response  of  Structures 

Eigenvalues  and  Eigenvectors 

Polynomial  Approximat i  on 


AFFILIATION 
Food  Technology 
Computer 

Psychology 

Psychology 

Computer 

Computer 

Computer 

Computer 

Physics 

Education 

Chemistry 

Computer 

Computer 

Computer 
Structural  Research 

Physics 
Inst.  Juv.  Research 
Structural  Research 

Psychology 

Computer 


Table  I  shows  the  distribution  of  machine  time  for  the  interval 
October  1  through  October  31,  1953: 


aot&aoutSl  xfxiaH  toamttMtod  to  aots*hn>lBd  6CS 
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TABLE  I 


h  m 

Engineering  8-12 

32:15 

Engineering  12-12 

17:15 

RAR 

20:4k 

Leapfrog 

79 :5^ 

Wasted 

2:20 

Use  "by  Departments 

Computer  Laboratory: 

Hash 

9:kk 

Gill 

'51 

Robertson 

:kQ 

Polivka 

1:28 

Golub 

*:53 

Fishel 

:2k 

Gregory 

2:^3 

Seshu 

1:33 

Miller 

2:59 

Others 

1:12 

Classes 

k:2k 

Physics 

17:58 

CSL 

V7:22 

Structural  Engineering 

^3:21 

Struct.  Eng.  Nobs  62250 

6:57 

Struct.  Eng.  AP  2^99^ 

9:55 

Psychology  AP  25726 

12:18 

Education 

2:25 

Inst.  Comm.  Research 

:08 

Chemistry 

30:56 

Agriculture 

3:39 

Inst,  for  Juv.  Research 

:13 

Public  Health 

3:10 

Indiana  University 

:l8 

Demonstrations 

6:06 

Total:       368:19 
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III  CODING  MANUAL 

Work  is  now  in  progress  on  all  chapters  of  the  coding  manual,  and 
some  chapters  are  essentially  finished. 

IV  DIVISION  OVERFLOW  STOP 

The  stop  which  is  made  in  the  Illiac  when  an  overflow  occurs  in 
division  has  already  proved  of  enormous  value  in  code  checking.  A  large 
number  of  coding  errors,  some  of  which  might  otherwise  have  been  very 
difficult  to  detect,  have  been  discovered  because  of  the  division  overflow 
stop.  Those  library  codes  which  were  previously  unaffected  by  improper 
divisions  have  been  changed.  The  following  useful  hang-ups  which  occur  with 
the  division  overflow  stop  have  been  observed  in  library  routines: 

(a)  In  Code  116  (Square  Root)  if  the  operand  is 
negative,  with  the  exception  of  -2~39. 

(b)  In  Code  75  (integer  Print)  if  the  number  of 
digits  specified  by  the  programmer  to  be 
printed  is  fewer  than  the  number  of  equivalent 
decimal  digits  held  in  the  register. 

(c)  In  Code  23  (Input  Sequence  of  Fractions)  sometimes 

if  a  sign  is  omitted  and  the  mimber  of  digits  exceeds 
11. 

(d)  In  Code  88  (Fraction  Input)  sometimes  if  the  number 
of  digits  being  input  exceeds  12. 

V  ERROR  FREQUENCY  AND  ANALYSIS 

The  machine  is  normally  used  for  "engineering"  and  maintenance 
between  8  AM  and  12  N,  and  for  a  check  of  its  performance  between  5*00  PM 
and  5*30  PM  of  each  weekday.  Since  the  periods  between  8  in  the  morning 
and  noon,  together  with  certain  other  irregular  periods  like  Saturdays  and 
Sundays,  are  devoted  to  a  heterogeneous  group  of  functions,  it  is  more 
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instructive  from  an  error  analysis  standpoint  to  look  at  the  periods  between 
noon  and  midnight  of  each  weekday  in  order  to  make  an  observation  of  the 
error  frequency  in  the  machine.  This  is  the  actual  period  when  the  machine 
is  designated  for  use.  With  this  in  mind  a  summary  table  has  been  prepared 
using  the  period  between  noon  and  midnight  of  each  weekday.  This  table  lists 
the  running  time  when  the  machine  was  operating,  the  amount  of  time  devoted 
to  repairs  because  of  breakdowns,  and  the  number  of  failures  while  the  machine 
was  listed  as  running.  During  the  5:00-5:3°  period  (when  the  machine  is 
checked)  if  no  errors  are  found,  the  time  is  given  to  the  "running  column". 
Each  failure  was  considered  to  have  terminated  a  running  period  and  was 
followed  by  a  repair  period  in  preparing  this  Table.  Since  the  leapfrog 
code  is  our  most  significant  machine  test,  the  length  of  time  which  it  has 
been  used  on  the  machine  is  listed  separately  together  with  the  number  of 
errors  associated  with  that  particular  code.  This  information  for  the  month 
is  presented  as  Table  II. 
VI   COMMENTS  ON  THE  MACHINE 

During  the  month  the  red  gates  of  the  A  and  Q  registers  were  wired 
In  parallel  and  the  black  gates  of  the  A  and  Q  registers  were  wired  in  parallel. 
Previously,  the  gates  in  the  Q  register  operated  as  a  result  of  the  gates  in  the 
A  register  in  a  serial  fashion.  The  new  arrangement  reduces  the  number  of 
series  cathode  followers  in  the  gate  loop.  This  should  make  the  machine  safer 
from  a  tolerance  standpoint  and  should  increase  the  speed  of  the  gates 
slightly.  However,  no  appreciable  change  in  the  speed  was  noted  due  to  this 
change. 
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The  machine  speeds  as  measured  after  the  orange  gate  was  added 
can  be  seen  from  Table  III. 


TABLE  III 


MACHJHE  SPEEDS  -  OCTOBER  15,  1953 


0PERATIO1? 

TIME 

Memory  Cycle 

18.8 

microseconds 

Multiplication  by  Zeros 

6391 

rr 

Multiplication  by 

Ones 

8651 

ti 

Add 

751 

it 

Divide 

g^o1 

ir 

Left  Shift  Zeros 

2 

17 . 9 

if 

Left  Shift  Ones 

18. 82 

El 

Right  Shift  Zeros 

15. 82 

II 

Right  Shift  Ones 

16. 92 

II 

Input  from  Tape 

k 

milliseconds 

Punch 

k9 

II 

Display 

1 

II 

Print 

180 

II 

MEMORY  PERIODS 


3k1 

he1 


50 


Includes  time  for  bringing  out  order  and  for  bringing 
out  operand. 


Does  not  include  time  for  bringing  out  order. 

VII   RESEARCH  MP  DEVELOPMENT  (This  is  supported  in  Part  by  033R  Task  2^) 
a.  Drum  Memory 

Uumbers  havp:  been  transferred  between  the  drum  and  a  kO   digit 
register  and  back  again  on  a  repetitive  basis  for  periods  of  1  l/2  to  3 
hours  without  error.  During  these  tests  the  word  was  always  transferred  to 
a  fixed  address  on  the  drum  which  was  set  in  by  hand  switches.   On  some 
occasions  errors  have  occurred  after  an  hour  and  a  half. 
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Tolerance  checks  have  he en  made  on  the  voltages  and  lengths  of 
most  of  the  signals  which  are  used  in  the  drum  memory.  It  lias  "been  found 
that  the  +3^0  volt  supply  to  the  memory  can  he  changed  only  by  £  1.6$ 
without  causing  an  error.  The  reason  for  this  is  not  now  known  but  is  being 
investigated. 

In  order  to  test  the  drum  memory  in  a  more  complete  fashion,  the 
interconnections  which  are  necessary  to  the  'Illiac  have  been  made.    The 
28  wires  which  serve  to  interconnect  the  drum  memory  and  the  Illiac  are 
about  100  feet  in  length  but  should  not  cause  any  difficulty  in  the  circuits 
to  which  they  are  connected. 

b.  Magnetic  Core  Switches  and  Memory  Work 

Several  small  models  of  the  proposed  static  memory  were  built. 
These  were  made  of  cores  of  the  metallic  type.  Since  the  access  time  with 
a  steel  core  is  dependent  upon  the  drive,  all  were  heavily  overdriven  to 
obtain  a  fast  access.  This  process  was  very  successful.  The  most  recent 
model  used  10  4-79  mo-permalloy  cores  as  storage  cores.  Each  of  these  has 
an  Inside  diameter  of  about  l/k"   and  is  made  of  10  wraps  of  l/8  mil  x  l/8" 
mo-permalloy  4-79*  As  used  in  an  ordinary  dynamic  magnetic  memory,  the 
turnover  time  Is  about  10  to  15  |isec.  The  cores  driving  each  of  the  16  lines 
which  threaded  these  cores  were  3/8"  inside  diameter  and  were  made  of  10 
wraps  of  0.7  mil  x  l/8  Deltamax.  The  primary  drive  for  the  cores  was  11.25 
Ampere  turns  which  was  obtained  by  wrapping  150  turns  on  the  core  and  bucking 
this  with  75  turns,  with  each  winding  operated  at  150  m.a.  The  time  from 
the  beginning  of  a  drive  pulse  until  the  arrival  of  the  signal  was  about 
1.5  usee  due  to  the  large  amount  of  overdrive .  The  selected  signal  ie 


-12- 

opposite  in  polarity  to  it.  The  output  signal  was  about  100  mv.  per  turn 
of  pickup  coll. 

Quotations  have  "been  requested  and  samples  have  "been  received 
of  some  types  of  ferrite  cores  which  are  siiitable  for  some  portions  of  this 
work. 

Twenty  of  the  experimental  type  RCA  C-73^21  cathode  ray  tubes 
have  been  received.  These  have  been  tested  in  the  Williams  test  rack  and 
all  of  them  have  been  found  to  have  read  around  ratios  in  excess  of  1,000 
and  appear  to  be  free  from  flaws.  Plans  have  been  made  to  install  k0   of  these 
in  the  Illiac  as  soon  as  they  are  available. 
VIII   REPORTS  AND  SEMINARS 

Seminars : 


NUMERICAL  RESULTS  OH  THE  SHOCK  CONFIGURATION  IN  MACH  REFLECTION 
by  A.  H.  Taub  -  October  7,  1953. 

THE  ARITHMETIC  PROGRAMMING  COKE  by  Richard  Brown  -  October  1^, 
1953» 

SOME  SINGLE-ADDRESS  ORDER  CODES  by  Stanley  Gill  -  October  21, 
1953. 

A  STATIC  MAGNETIC  CORE  MEMORY  by  Joseph  M.  Wler  -  October  28, 
1953- 

Paper: 

AN  INTERPRETIVT]  ROUTINE  FOR  THE  MANIPULATION  OF  EXPANSIONS 

IN  BOOLEAN  ALGEBRA  -  by  David  E .  Muller,  Association  for  Computing 

Machinery,  Boston,  September  10,  1953* 

Internal  Report ; 

Number  51,  MINIMIZATION  OF  v  POLYNOMIALS  SUBJECT  TO  SUBSIDIARY 
CONDITIONS  by  D.  E.  Muller,  October  6,  1953- 
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IX  CONSTRUCTION 

1.  Fifty  adapter  sockets  were  wired  to  adopt  the  present  cathode 
ray  tube  sockets  on  the  Illiac  to  the  "bases  of  the  new  type  C-73^21  cathode 
ray  tubes. 

2.  Parts  for  twenty  record  and  playback  preamplifier  chassis 
have  been  made.  Ten  chassis  have  been  assembled.   Each  chassis  contains 
ten  record  and  playback  preamplifier  circuits. 

3»  Minor  additions  were  made  to  the  Illiac  to  allow  the  drum 
to  be  connected  to  it.  The  connections  between  the  drum  and  the  Illiac 
were  made. 

k.     An  inverter  chassis  for  the  drum  unit  was  built,  (Drawing 

M-53M- 

5.  Future  work  was  carried  out  on  the  new  photoelectric  tape 
reader  model. 

6.  Servicing  of  parts  on  the  Illiac  and  of  Teletype  equipment  was 
carried  out. 

X  PERSONNEL 

The  personnel  associated  with  the  group  and  hence  the  contributors 

to  this  report  are: 

Brown,  Mrs.  Carolyn 

Ehrlich,  George 

Fishel,  Jerome  (l/2  time) 

Gill,  Stanley 

Golub,  Gene  (l/2  time) 

Gregory,  R.  T.  (l/k   time) 

House,  Mrs.  Natalie  R. 

Huffman,  W.  L. 

Jones,  W.  E. 

Kerkering,  T.  E 

Kudlich,  R  A.  (RCA  Fellow) 

Lopeman,  H.  E 

Meagher,  Ro  E. 
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Michael,  G.  W. 

Miller,  R.  E.  (l/2  time) 

Muerle,  J.  L.  (l/2  time) 

Muller,  D.  E. 

Uash,  J«  P. 

Hewmark,  If.  M.  (Chairman,  Executive  Committee) 

Ogata,  Albert  I.  (Student  Assistant) 

Folivka,  R.  P.  (1/2  time) 

Robertson.  J.  E. 

Russell,  Miss  Ramona 

Seinfeld,  Robert  (Student  Assistant) 

Seshu,  Mrs.  Lily  (l/2  time) 

Shapin,  Theodore  Jr. 

Stephens,  Allen 

Taub,  A.  H.  (l/2  time) 

Wier,  J.  M. 

Yu,  Ha-Nien  (l/2  time  starting  November  1,  1953) 

The  work  of  the  group  is  under  the  administration  of  an  Executive 
Committee  with  the  following  members:  U.  M.  Nevmark,  Chairman,  Stanley  Gill, 
D.  E.  Muller,  J.  P.  Hash,  J.  E.  Robertson,  A.  H.  Taub  and  R.  E0  Meagher. 
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UNIVERSITY  OF  ILLINOIS 
GRADUATE  COLLEGE 
DIGITAL  COMPUTER  LABORATORY 


TECHNICAL  PROGRESS  REPORT 


November  1,  1953  -  November  30,  1953 


I      MATHEMATICAL  jffiSEABCH  AM)  CODING  (This  work  Is  supported  in  part  by 

QS3R  Task  30) 

Magnetic  Drum  Codes.    Attention  is  being  given  to  the  problems 
which  will  arise  when  the  magnetic  drum  memory  is  added  to  the  Xlliac. 
A  code  of  fundamental  importance  will  take  sii.broutir.es  from  the  drum  and 
put  them  into  the  Williams  memory.  A  drum  test  code  using  pseudo-random 
numbers  has  also  been  prepared. 

Boundary  Value  Differential  Equation.   This  program  for  solving 
second  order  differential  equations  with  two-point  'boundary  conditions  is 
now  working.  However,  since  it  is  not  In  closed  subroutine  form  it  cannot 
be  entered  repeatedly.  The  modifications  necessary  for  making  it  into  a 
closed  subroutine  are  now  being  made* 

Electrical  Network  Problems. ;   Certain  classes  of  problems  in 
electrical  network  theory  are  difficult  to  solve  even  by  analog  methods. 
A  study  is  being  made  to  see  if  digital  techniques  will  be  helpful. 

Since  the  last  report  the  following  new  programs  have  been  placed 
In  the  library.  Code  120  was  prepared  by  R.  S.  Hansen  of  the  Electrical 
Engineering  Department. 

^•S"  Automatic  Inversion  of  a  Symmetric  Matrix. 

This  program  will  take  the  elements  of  a  symmetric 
matrix  punched  on  the  input  trvpe  (and  scaled  so  that 
<*>_  a  .  ,  ^~  l/k)   and  will  punch  out  the  elements  of 
the  inverse.  The  condition  of  the  matrix  being  Inverted 
1b  indicated  by  the  ratio  n/U  of  smallest  and  largest 
eigenvalues,  which  is  punched  at  the  end.  The  program 
is  limited  to  matrices  no  larger  than  23  by  23s  the 
time  for  the  largest  matrix  is  about  1^  minutes. 
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1]L9«  ?lot  Axes  and  Points  on  the  Cathode  Ray  Tube.    2j[  Words . 

This  code  will  plot  a  set  of  axes  end  mark  them  at 
equal  intervals,  the  origin  and  the  number  of  marks 
being  detei .  '  -Led  by  program  parameters .  It  will  then 
plot  points  with  reference  to  the  origin  of  coordinates. 
The  time  required  is  0.8  second  for  the  marked  axes  and 
about  2  milliseconds  for  each  plotted  point. 

120.  Tshebyscheff  Polynomials «    12  Words . 

This  code  computes  the  value  of  the  Tshebyscheff 
Polynomials  T  (x)  *  cos  r  (cos*  x)  up  to  r  «  n 
when  entered  with  the  program  parameter  n  with  x  in 
in  the  accumulator.  The  time  required  is  about  1.3n 
milliseconds . 

II    MACHINE  USE 

The  following  list  gives  problem  specifications  for  new 
problems  which  were  tried.   It  does  not  indicate  how  the  Illiac  was  used 
because  large  amounts  of  machine  time  may  have  been  consumed  by  problems 
with  numbers  less  than  219. 

NUMBER  PROBLEM  SPECIFICATION         AFTOIATIOW 

219  Solution  of  Simultaneous  Algebraic    Agr.  Economics 
Equations 

220  Factor  Analysis  by  Square  Root         Psychology 
Method 

221  Simultaneous  Second  Order  "Differential  Structural  Lab. 
Equations 

222  Monte  Carlo  method  for  electron  spins     Special 

223  Least  square  method  for  diffusion        Physics 
equation 
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NUMBER 

22k 
225 

226 

227 

228 
229 

230 
231 


PROBLEM  SPECIFICATION 

Product  moment  correlations 

Calculation  of  associated 
Legendre  polynomials 

Calculation  of  stresses  in  pressure 
vessels 

Calculation  of  eigenvalues  and 
eigenvectors 

Meson  Nuclear  Potentials 

Calculation  of  Multiple 
Regression 

Matrix  Multiplication 


Orthogonal  transformation  of 
factor  loadings  matrix 


AgmiATICBT 

Psychology 
Elect o  Eng. 

Computer 


Inst,  for  Juvenile 
Research 

Physics 

Agr.  Economics 


Inst,  for  Juvenile 
Research 

Psychology 


Table  I  shows  the  distribution  of  machine  time  for  the 
interval  November  1  through  November  30,  1953.  (Next  Page) 


TABLE  I 


h  m 

Engineering  8-12 

k3'2h 

Engineering  12-12 

I6:h0 

RAR 

13:^2 

Leapfrog 

33*5 

Wasted 

•M 

Demons trati  ons 

1:31 

Use  tog  Departments 

Computer  Department 

Gill 

i:39 

Nash 

2:2? 

Polivka 

2:33 

Goluto 

:38 

Fishel 

:55 

Gregory 

ikf 

Seshu 

:59 

Muller 

1:25 

Others 

133 

Classes 

12ih9 

Physics 

37:39 

Cosmotron 

3:09 

Control  Systems  Lab 

*U:05 

Structural  Research 

(a)  non  contract 

21:07 

(to)  AF  2^99^A 

6:16 

Psychology 

(a)  non  contract 

:02 

(to)  25726G 

:lk 

(c)  25726A 

12:00 

Education 

Electrical  Engineering 

Chemistry 

Agriculture 

Fosdick  (Special) 

Inst,  for  Juvenile  Res. 

Putolic  Health 


2:58 
1:58 

2*5:29 
1:51 
3:32 
1M 

10:40 


Total 


325:58 
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III    ERROR  FREQUENCY  MD  ANALYSIS 

The  machine  is  normally  used  for  "engineering"  and  maintenance 
between  8  AM  and.  12  N,  and  for  a  check  of  its  performance  between 
5:00  PM  and  5s 30  PM  of  each  weekday „  Since  the  periods  between  8  in 
the  morning  and  noon,  together  with  certain  other  irregular  periods 
like  Satui-days  and  Sundays,  are  devoted  to  a  heterogeneous  group  of 
functions,  it  is  more  instructive  from  an  error  analysis  standpoint  to 
look  at  the  periods  between  noon  and  midnight  of  each  weeMay  in  order 
to  make  an  observation  of  the  error  frequency  in  the  machine.  This  is 
the  actual  period  when  the  machine  is  designated  for  use.  With  this 
in  mind  a  summary  table  has  been  prepared  using  the  period  between 
noon  and  midnight  of  each  weekday.  This  table  lists  the  running  time 
when  the  machine  was  operating,  the  amount  of  time  devoted  to  repairs 
because  of  breakdowns,  and  the  number  of  failures  while  the  machine  was 
listed  as  running.   During  the  5:00-5:30  period  (when  the  machine  if? 
checked)  if  no  errors  are  found,  the  time  is  given  to  the  "running  column" 
Each  failure  was  considered  to  have  terminated  a  running  period  and 
was  followed  by  a  repair  period  in  preparing  this  table.  Since  the 
leapfrog  code  is  our  most  significant  machine  test,  the  length  of  time 
which  it  has  been  used  on  the  machine  is  listed  separately  together 
with  the  number  of  errors  associated  with  that  particular  code.  This 
information  for  the  month  is  presented  as  Table  II. 

It  is  important  to  notice  that  any  interruption  of  machine 
time  that  was  not  planned  for  is  considered  a  failure  in  this  table. 
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In  rare  cases  where  the  failure  is  not  known  until  a  later  time,  it  is 
possible  that  no  repair  period  ie  associated  with  the  failure.  This 
overall  system  has  "been  adopted  because  it  makes  it  possible  for  a 
machine  user  to  estimate  directly  the  probability  that  the  machine  will 
be  "running"  at  any  instant  of  time  and  the  probability  of  a  failure 
during  any  given  interval  of  running'  time.  On  this  basis  it  can  be 
ascertained  from  Table  II  that  the  machine  was  running  216  hours  12 
minutes  out  of  a  total  planned  operating  time  of  232  hours  5  minutes. 
The  232  hours  5  minutes  is  obtained  by  noting  that  the  machine  was  on 
12  hours  a  day  for  20  days  except  for  an  irregularity  associated  with 
Thanksgiving  which  reduced  the  time  by  7  hours  55  minutes.  The  probability 
of  the  machine  being  in  a  running  state  is  2l6  hours  12  minutes /232 
hours  5  minutes  or  0,93.  During  the  216  hours  12  minutes  time  19  errors 
were  found  giving  an  error  rate  of  0.088  per  hour. 
IV    COMMENTS  ON  THE  MACHINE 

For  most  problems  the  input  and  output  time  is  a  small 
fraction  of  the  total  operating  time.     For  these  problems  the  Illiac 
may  be  considered  to  do  about  10,000  arithmetic  operations  of  the 
complexity  of  an  add  order  per  second  on  ^0  binary  digits.  Sine  the  machine  had 
19  errors  in  216  hours  the  total  number  of  binary  digital  add  operations 
per  error  Is: 

10  x  ^0  x  3.6  x  103  x  216/19  -  l6o^  x  109 
An  error  was  found  in  the  logic  associated  with  the  reading 
of  a  paper  tape  and  it  was  corrected.  This  error  was  that  the  end 
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signal  for  a  read  order  was  obtained  after  the  character  was  read  but 
before  the  tape  reader  advanced  the  character.  This  is  believed  now  to 
have  caused  errors  on  rare  occasions. 

Some  additional  Teletype  equipment  has  been  put  into  operation. 
Some  additional  changes  are  being  made  In  the  Teletype  printers  so  that 
they  may  all  print  a  full  set  of  characters. 

V    RESEARCH  OT  COMPUTER  COMPQHEKTS  (This  is  supported  in  part  by  OMR  Task  2^) 
a.  Drum  Memory 

Shortly  after  the  drum  test  circuits  were  connected  to  Illiac, 
some  leapfrog  errors  occurred  occasionally  that  were  hard  to  diagnose. 
It  was  finally  traced  to  the  C.P's  that  supply  the  address  digits  to  the 
drum  circuits.  The  capacity  load  of  the  wires  in  the  100  foot  cable  caused 
enough  grid  current  to  flow  to  send  the  wrong  address  digits  to  the 
dispatch  counter.  The  trouble  was  fixed  by  connecting  two  C.  P*s  in  series 
to  drive  the  wires. 

The  kO  volt  grid  signals  to  the  playback  gates  In  RI  are 
capacitlvely  coupled  to  all  the  other  wires  in  the  cable  and  eventually 
get  back  into  the  playback  amplifiers  via  the  address  digit  wires  and  the 
815  selection  tubes.  This  was  enough  to  prevent  proper  playback  of  a  re- 
corded word.  It  may  be  necessary  to  shield  these  wires.  At  present,  the 
test  unit  is  being  run  on  one  track  as  selected  by  a  battery  voltage. 
Illiac  codes  have  been  written  for  recording,  playing  back  and  checking, 
words  with  several  "densities  "'  of  O's  and  Is s.  These  have  run  successfully 
for  several  minutes. 
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b.  Transistor  Circuits 

Further  investigations  are  being  made  of  the  hole  storage 
effects.  An  experiment  was  carried  out  to  determine  whether  any  significant 
decrease  in  hole  storage  duration  would  result  from  driving  the  emitter 
voltage  considerably  negative,  rather  than  simply  returning  it  to  zero 
to  cut  off  the  transistor.  Measurement;;  on  ten  transistors  showed  that 
a  slight  decrease  in  delay  time  results,  but  this  is  only  about  15$  of  the 
delay  time.  A  typical  result  was  a  decrease  from  a  16  |isec  delay  time 
to  1^  usee,  when  the  emitter  was  driven  seventy  volts  negative.   This 
improvement  is  obviously  not  significant  as  a  practical  answer  to  the 
hole  storage  problem. 

Tests  are  being  made  to  determine  whether  the  use  of  a  clamping 
diode  to  maintain  a  minimum  voltage  from  collector  to  base  will  offer  a 
solution.  The  purpose  of  the  diode  would  be  to  maintain  the  transistor 
in  the  active  region,  as  distinguished  from  the  saturation  region,  even 
with  large  emitter  currents.  Tests  are  also  being  made  in  order  to 
verify  some  results  reported  by  the  group  at  Lincoln  Laboratory,  and  to 
find  out  if  there  is  a  consistent  relation  between  "turn-off  time"  and 
'fall-time".  "Turn-off  time"  is  the  delay  between  the  cut-off  of  emitter 
current  and  the  initial  response  at  the  collector.   'Fall-time"  is  the 
time  required  for  the  collector  to  reach  some  arbitrary  point,  say  90$ 
of  the  decrease  In  collector  voltage. 

Hole-storage  and  transient  time  measurements  will  be  made  on 
Junction  transistors  when  these  are  received. 
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lt was  decided  that  it  would  be  worthwhile  to  Investigate 

the  use  of  junction  transistors  in  computing  circuits.  Several  types  of 

transistors  were  ordered  from  different  manufacturers. 

Some  preliminary  consideration  has  "been  given  to  series -connected 

current-type  logic  circuits  for  junction  transistors.  A  prototype  "and" 

circuit  (two  inputs)  was  "built,  but  many  objections  to  this  are  obvious. 

VI    REPORTS  AND  SEMINARS 

Seminars 

Algebraic  Analysis  of  Asynchronous  Control  Circuits 
by  David  E  Muller  -  November"^,  1953 . 

The  Nature  of  Programming 

by  Stanley  Gill  -  November  11,  1953* 

Studies  of  Air  Pollution  Control  Methods  U3ing  the  Illlac 
by  H.  F.  Kraemer  -  November"  lS,  1953* 


Papers 

Diagnostic  Programs  for  the  Illiac  by  David  J.  Wheeler  and 
James  E.  Robertson  (Proceedings  of  the  I.R.E.)  October  1953° 

Boolean  Algebras  in  Electric  Circuit  Design  by  David  E.  Muller 
(American  Mathematical  Society)  November  27,   1953* 

The  Geometric  Structure  of  Shock  Configuration  by  A.  H.  Taub. 
^Northwestern  University,  Joint  National  Research  Council 
and  American  Math  Society.  Symposium  on  Special  Topics  in 
Applied  Mathematics.)  November  28,  1953. 


Internal  Reports 

#52  by  Joseph  M.  Wier,  A  STATIC  MAGNETIC  MEMORY. 
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VII  CONSTRUCTION 

1.  A  new  ac  turn-on  panel,  which  Includes  memory  filaments, 
was  "built  and  installed. 

2.  Twenty  drum  pre-ampllfier  chassis  were  built  and  six 
chassis  were  wired.  (Drawing  L503). 

3«  Forty  plug  adapters  for  new  cathode  ray  tubes  were  made. 

k„     A  simple  photoelectric  tape  reader  was  finished.  It  will 
read  265  characters  per  second  and  stop  in  0.025  in.  after  receiving 
a  stop  signal. 

5.  Hew  cover  and  chad  box  for  old  punch. 

VIII  PERSONNEL 

The  personnel  associated  with  the  group  and  hence  the  contributors 

to  this  report  are: 

Brown,  Mrs.  Caroline  Muerle,  J.  L.  (l/2  time) 

Ehrlich,  George  Muller,  D.  E. 

Pishel,  Jerome  (l/2  time)  Nash,  J.  P. 

Gill,  Stanley  Newmark,  N.  M.  (Chairman,  Executive  Comm. ) 

Golub,  Gene  (l/2  time)  Ogata,  Albert  I  (Student  Assistant) 

Gregory,  R.  T.  (l/k  time)  Polivka,  R.  P.  (l/2  time) 

House,  Mrs.  Natalie  R.  Robertson,  J.  E. 

Huffman,  W.  L.  Russell,  Miss  Ramona 

Jones,  W.  E.  Seinfeld,  Robert  (Student  Assistant) 

Kerkering,  T.  E.  Seshu,  Mrs.  Lily  (l/2  time) 

Kudlich,  R.  A.  (RCA  Fellow)  Shapin,  Theodore  Jr. 

Lopeman,  H.  E,  Stephens,  Allen 

Meagher,  R.  E.  Taub,  A.  H,  (l/2  time) 

Michael,  G.  W.  Wier,  J.  M. 

Miller,  R.  E  (l/2  time)  Yu,  Ha-Nien  (l/2  time) 

The  work  of  the  group  Is  under  the  administration  of  an  Executive 

Committee  with  the  following  members:  N.  M.  Newmark,  Chairman,  Stanley  Gill, 

D.  E.  Muller,  J.  P.  Nash,  J.  E.  Robertson,  A.  H.  Taub  end  R.  E.  Meagher. 
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I    MATHEMATICAL  RESEARCH  £HD  CJ3DISG  (This  work  Is  supported  in  part 
by  (BR  Task  30j^ 

Electrical  Network  Problems.   A  study  of  3-phase  electrical 
network  problems  by  use  of  symmetrical , components  is  being  made.  As 
a  preliminary  step  some  new  routines  for  :      ling  of  complex 
numbers  are  being  prepared. 

Boundary  Value  Differential  Equation.   Although  this  program 
is  now  operating  as  a  closed  subroutine,  a  few  more  changes  are  being 
made  to  polish  it  up*  The  range  of  Integration  is  being  made  L  with 
^s  L/n  instead  of  l/n. 

Statistics  Problems.   A  code  estimating  factor  loading  by  the 
method  of  maximum  likelihood  is  now  being  prepared. 

Boolean  Algebra  and  Feedback  Circuit  Theory. 

(a)  A  broader  criterion  for  establishing  the  speed  independence 
of  a  circuit  has  been  found  which  includes  previous  criteria  as  special 
cases.  This  criterion  is  still  sufficient  but  not  necessary,  as  examples 
show.  Certain  static  circuits  fail  to  satisfy  this  criterion. 

(b)  In  order  to  formulate  this  criterion  a  new  concept  of  time 
had  to  be  introduced  having  the  following  unusual  properties? 

1.  It  is  discrete 

2.  It  is  only  partially  ordered. 

3.  It  is  local,  any  given  time  applying  to  a  particular 
point o 

(c)  A  method  for  building  a  circuit  from  partial  circuits  is 
now  being  developed  which  will  preserve  time  independence. 


Boolean  Algebra  and  Error  Detection  Theory.   A  machine  program 
was  written  to  find  nets  of  logical  variables  which  are  incomplete 
in  the  sense  that  additional  points  can  be  found  satisfying  the  distance 
condition  but  not  lying  in  the  net.  (Theorem  26  of  Internal  Report  46 
proves  there  are  an  infinite  number  of  these).  In  the  case  of  7  variables 
one  such  incomplete  net  was  found  (of  order  16)  and  in  the  case  of  8 
variables  three  were  found  (of  orders  16,  32  and  6h).     This  still  leaves 
the  6  variable  case  as  the  only  one  for  which  the  question  has  not  been 
answered  one  way  or  the  other.  (The  5  variable  case  was  shown  in  a 
previous  investigation  to  have  no  incomplete  nets ) . 

WW  PROGRAMS  FOR  THE  LIBRARY.   Since  the  last  report  the  following 
new  programs  have  been  placed  in  the  library: 

121.  Constant  Listing  Auxiliary  for  gloating  Decimal.  18  words. 

This  program  is  used  with  Code  63.  When  a  constant  is 
wanted  -  as,  for  example,  "add  0.005  into  the  accumulator"  - 
the  constant  is  used  for  the  address  in  the  add  order. 
Code  121  stores  the  constant  in  a  list  and  furnishes 
the  add  order  with  the  correct  address.  Values  already 
in  the  list  are  not  repeated. 

123 •  Polynomial  Approximation.   Complete  Program. 

This  program  prints  the  coefficients  of  a  polynomial 

which  approximates  to  the  function  kf (ax  *  b)  over 

the  range  c  *£r  x  ^  d  where  in  practice  the  origin 

is  inside  the  range „     The  function  f  is  defined  by  a  Taylor 

series  f (y)  a  f  4>  f -y  ■¥  f '    y  *   » . . ,  the  coefficients 

of  which  may  be  either  given  numerically  or  generated 

by  an  auxiliary  routine.  Any  number  of  coefficients  up 
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through  f  Q  may  be  given.  Because  of  accumulating 
roundoff  errors  the  program  should  not  be  used  if 
(l/20)-^l(c/a)^r  20. 

12kQ   Letter  Printing.   ^2  words . 

This  is  a  closed  routine  with  3  methods  of  entry 
which  is  designed  to  simplify  printing  of  letter 
groups  and  to  conserve  memory  space  when  large  numbers 
of  letters  are  to  be  printed.  It  may  be  entered: 

(a)  so  as  to  store  in  compact  form  5- hole  tape  characters! 

(b)  so  as  to  print  characters  stored  as  in  (a);  or  (c) 

so  as  to  read  from  the  tape  and  print  immediately  without 
storing. 

3-25  •  Convert  A  Humber  from  Floating  Decimal  Representation  to 
Normal  Machine  Form.   27  words. 

An  auxiliary  for  Code  63,  this  code  will  accept  a 
floating  point  decimal  number  in  the  floating  accumulator 
and  leave  a  fixed  point  binary  number  in  the  AQ  register 
with  the  point  at  the  end  of  A. 

126 .  Sine  Auxiliary  for  Floating  Decimal .   26  words. 

«    in —    I       «MMMMmHMMMMW       wwa«ni       wcm*««MW«i«HU       m-am  Mwnbum  ill  '  Hi   ■—■! 

This  code  is  an  auxiliary  for  Code  63  end  also  uses 
Code  125.  It  takes  the  number  x  from  the  floating 
accumulator  and  replaces  it  with  sin  x. 

^7*  Exponential  for  Floating  Decimal.   26  words. 

Replacing  Code  102,  this  code  takes  the  number  x  from 
the  floating  accumulator  and  replaces  it  with  e  .  Code 
125  is  used  by  Code  127- 

^^°  Floating  Decimal  Tape  with  Standard  Auxiliaries . 

This  tape  contains  programs  63,  125,  92,  126,  127,  96 

and  121  arranged  for  convenient  use  by  means  of  S-parameters 
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ENGIHSERIHG  CODES,  A  second  library  of  codes  is  kept  for  engineering 

purposes.  At  present  the  library  of  engineering  codes  contains  the 

following  codes. 

5*   Input  Test .   Successive  pairs  of  numbers  on  a  check 
tape  are  read  and  added.  In  case  of  failure  the  pair 
of  words  is  printed. 

6«   Punch  Test.   Successive  integers  are  formed  and  punched., 

T«  Punch  and  Input  Test.  An  output  tape  from  the  punch 
is  read  by  the  reader.  Words  of  all  possible  lengths 
are  then  reed  and  punched. 

8-   Illinois  Adder  Testo   This  test  checks  all  possible 

combinations  in  each  of  the  ^0  stages  of  the  adder  and  prints 
indicating  quantities  when  a  failure  occurs. 

9°   Single  Digit  Adder  Test,   A  single  stage  of  the  adder 
Is  tested. 

10c   Programmed  and  Partial  Multiplication  Tests.   After 
computing  and  storing  the  contents  of  A  and  Q  at  each 
step  of  a  multiplication  for  two  10-sexadeclmal-digit 
numbers  x  and  y  read  from  a  tape,  two  tests  are  performed t 

a.  Using  the  last  i  digits  of  the 
multiplier,  a  multiplication  is 
executed  and  the  i*n  partial  product 
is  compared  (for  each  i)  with  the 
corresponding  partial  product  which 
was  stored; 

b.  Using  the  first  39-1  digits  of  the 
multiplier,  a  multiplication  is  executed 
which  uses  the  results  of  the  I 
partial  product  which  have  been  stored. 
The  result  Is  compared  with  xy. 

The  program  prints  pertinent  data  when  errors  are  Indicated. 
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1^-°   Control  Transfer  Test.   This  code  tests  the 
address  gates  necessary  for  control  transfer 
orders  by  transferring  cyclically  through  a 
set  of  6h   selected  addresses.  If  a  single-digit 
error  occurs  there  is   stop  and  the  error  is 
indicated, 

3-2  •   5SSS4££iH§±  jfcgt  Morten.M   This  code  trill  print 
location  and  sexadecimal  contents  of  the  non- 
zero memory  content  from  3  to  3L1  or  of  selected 
locations . 

13.   Sexadec imal  Input .  (Miniature  Bootstrap )  „  This 

code  places  10-digit  sexadecimal  words  at  locations 
each  of  which  is  specified  by  a  3-digit  sexadecimal 
address , 

^°   Switch  Controlled  Print  Routine^   The  contents 

of  the  memory  are  printed  beginning  at  a  location 

whose  6  most  significant  binary  digits  are  set 
by  manipulating  the  control  switches. 

15.   Plant  Address  Test  Routine .   The  mersorj   is  filled 
with  L5n  L5n  at  each  location  n, 

•^.   Read  Around  Adjustment ._   The  memory  is  tested  for 
read  around  failures,  reading  a  test  number  from 
the  tape  when  requested  by  moving  a  panel  switch , 
Visual  inspection  of  the  memory  is  required. 

•*-?•   Orange  Leapfrog,,   This  is  the  standard  program 

used  to  test  the  Illiac  A  few  modifications  were 
made  when  the  orange  gate  was  added,  but  it  is 
essentially  the  same  as  the  Leapfrog  XI  code 
described  In  the  report  of  February  25,  1953° 
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•*-8*   Leapfrog  Crippler  with  Spjgejtal  Tests ^   This  code 
makes  it  possible  to  cripple  the  Orange  Leapfrog 
(run  it  without  leaping)  and  to  do  the  special 
tests  which  the  Orange  Leapfrog  does  only  after 
certain  leaps. 

3-9 »   Print  geclMil  Order  Xgput^   This  code  is  described 
"by  the  title. 

2°«   /^street  of  Leapfrog;  Special  Tests^  The  occasional 
tests  in  the  Orange  Leapfrog  are  done. 

%■*-      SJIE-LSS  ££Sl  j^o^d*   ^hs  standard  read  around  test 
for  the  Illiac,  this  code  bombards  each  memory 
location  n  times  (where  n  is  read  from  the  tape) 
and  checks  surrounding  locations  for  failures. 
Failures  in  both  direction  are  checked.  When  a 
failure  occurs  there  is  printed  tube  number,  location, 
and  type  of  failure. 

^°   Machine  Timing  ^rogram^   The  basic  memory  cycle 
time  and  the  times  for  12  fundamental  machine 
operations  are  calculated  and  printed.  On  each 
test  a  closed  loop  is  entered  and  the  operation  is 
run  repetitively  for  one   minute  and  stopped  with 
a  panel  switch. 

23-   Caterpillar.   This  is  a  visual  read,  around  test 
which  bombards  each  point  665   times  as  it  moves 
through  the  memory. 

2h.       Black  Switch  TejrU   Using  appropriately  placed 

control  transfer  orders ,  this  code  checks  correct 
operation  of  the  start  switch  on  the  panel. 
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25  •   Compare  Sexadecimal  Tapes^   Tiro  tapes  are 

compared  by  comparing  sexadecimal  characters. 

26.   Light  Neons  *   All  neons  in  A,  Q  and  the  control 
counter  are  turned  on. 


II 


MACHINE  USE 


The  following  list  gives  prob]       fications  for  new 
problems  which  ifere  tried  in  December.  It  does  not  indicate  how  the 
Illiac  was  used  because  large  amounts  of  machine  time  may  have  been 
consumed  by  problems  with  numbers  less  than  232. 


KUMBEB  PROBLEM  SPECIFICATION 

232  Solenoid  fields 

233  Wo  record 

23^  Eigenvalues  and  eigenvectors 

235  Qusdriraax  matrix  analysis 

236  Stellar  interiors  integration 

237  Matrix  multiplication 

238  Ranked  numbers 

239  Caterpillar  read  around  test 
2^0  Product  moment  correlation 
2*H  Deuteron  wave  function 

2^2  Letter  printing 

2^3  Matrix  multiplication 

2hk  Solution  of  Laplace  equation 

2^5  Solution  of  Boltzmann's  equation 

2h6  Eigenvalues  and  eigenvectors 

2^7  Quadrimax  matrix  analysis 

2kQ  Analysis  of  simple  ciphers 

2U9  Estimation  of  communallties 

250  Product  moment  correlation 

251  Special  factor  analysis 


AFFILIATION 
Physics 

•   •  *   »   • 

Psychology 

Psychology 

Indiana  Univ., 

Inst.  Juv.  HeSo 

Inst.  Juv.  Resc 

Computer 

Phys.  Ed* 

Physics 

Computer 

Psychology 

Elec.  Engr. 

Physics 

Education 

Education 

Shapin 

Psychology 

Bureau  Ed.  Res. 

Computer 
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KUMBER 

252 
253 
25^ 
255 


PROBLEM  SPECIFICATION 

Cross  section  analysis 
Eigenvalues  and  eigenvectors 
Error  detection  problem 
Highway  "bridge  iaipact 


AFFILIATION 

Physics 
Computer 
Consputer 
Struct 0  Engr, 
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Table  I  shows  the  distribution  of  machine  time  for  the 
interval  December  1,  1953  to  December  31,  1953 : 

TABLE  I 


m 


Engineering  8-12 

39:01 

Engineering  (All  other  times) 

13:58 

RAR 

24:53 

Leapfrog 

42:08 

Wasted 

1:40 

Demonstrations 

2:4l 

USE  B3T  GROUPS 

Computer  Group 

Gill 

:51 

Nash 

4:45 

Robertson 

2:17 

Polivka 

:47 

Golub 

1:54 

Fishel 

3:37 

Seshu 

:28 

Muller 

3:26 

Others 

16:04 

Classes 

6:06 

Other  Groups 

Physics 

37"58 

Cosmotron 

6:43 

CSL 

48: 47 

Struct.  Res.  (Reg.) 

6:24 

Struct.  Res.  AF  24994 

22:11 

Psychology  (Reg.) 

1:38 

Psychology  AP  25726A 

17:54 

Psychology  AF  25726G 

1:25 

Electrical  Engineering 

15  55 

Chemistry 

21:52 

Agriculture 

1:21 

Physical  Ed. 

1:27 

Public  Health 

2:25 

Miscellaneous  Users 

.  7*?i 

Total     344:27 
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III   EBBQR  FREQUENCY  MD  Al&LYSIS 

The  machine  is  normally  used,  for  "engineering"  and  maint  nance 
between  8  AM  and  12  N,  and  for  a  check  of  its  performance  "between 
5:00  FM  and  5*30  PM  of  each  weekday*  Since  the  periods?  between  8  in 
the  morning  and  noon,  together  with  certai    sv  irregular  periods 
like  Saturdays  and  Sundays,  are  devoted  to  a  heterogeneous  group  of 
functions,  it  is  more  instructive  from  an  error  analysis  standpoint 
to  look  at  the  periods  between  noon  and  midnight  of  each  weekday  in 
order  to  make  an  observation  of  the  error  frequency  in  the  machine. 
This  is  the  actual  period  when  the  machine  is  designated  for  use. 
With  this  in  mind  a  summary  table  has  been  prepared  using  the  period 
between  noon  and  midnight  of  each  weekday.  This  table  lists  the 
running  time  when  the  machine  was  operating,  the  amount  of  time 
devoted  to  repairs  because  of  breakdowns,  and  the  number  of  failures 
while  the  machine  was  listed  as  running.  During  the  5:00-5:30  period 
(when  the  machine  is  checked)  if  no  errors  are  found,  the  time  is 
given  to  the  "running  column".  Each  failure  was  considered  to  have 
terminated  a  running  period  and  was  followed  by  a  repair  period  in 
preparing  this  table.  Since  the  leapfrog  code  is  our  most  significant 
machine  test,  the  length  of  time  which  it  has  been  used  on  the  machine 
is  listed  separately  together  with  the  number  of  errors  associated 
with  that  particular  code.  This  information  for  the  month  is  presented 
as  Table  II. 

It  is  important  to  notice  that  any  interruption  of  machine 
time  that  was  not  planned  for  is  considered  a  failure  in  this  table c 
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In  rare  cases  where  the  failure  is  not  known  until  a  later  time, 
it  is  possible  that  no  repair  period  is  associated  with  the  failure. 
This  overall  system  has  been  adopted  because  it  makes  it  possible  for 
a  machine  user  to  estimate  directly  the  probability  that  the  machine 
will  be  "running"  at  any  instant  of  time  and  the  probability  of  a 
failure  during  any  given  interval  of  running  time. 
IV   COMMENTS  Off  THE  Mfl&gBE 
a.  New  Memory  Tubes 

A  set  of  60  RCA  C73621  cathode  ray  tubes  (especially 
developed  for  Williams  storage  on  a  Bureau  of  Ships  contract)  has 
been  received.  Forty  tubes  of  the  set  were  installed  in  the  Illiac 
on  December  3«  As  a  direct  result  of  this,  the  EAR  in  the  machine 
was  increased  from  a  guaranteed  60  to  a  guaranteed  250.  There  has 
been  some  gradual  increase  in  RAR  since  that  time,  but  this  may  be 
due  to  a  gradual  decrease  in  signal  size  with  age.  It  may,  therefore, 
be  necessary  to  increase  the  beam  currents  by  adjustment.' 

Since  the  installation  of  the  new  set  of  tubes,  three 
of  the  original  set  have  been  changed.  Two  were  changed  because  the 
RAR  in  them  was  consistently  lower  than  the  others  (although  still 
as  good  as  250).  The  third  was  changed  because  the  signals  were 
abnormally  low  even  though  the  drive  circuits  were  in  a  satisfactory 
condition.  The  exact  reason  for  this  is  not  known. 

During  the  month  four  errors  could  be  attributed  to  the 
memory.  Two  of  these  can  be  classed  as  due  to  mis adjustment  of 
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the  Intensity,  one  was  due  to  a  failure  of  a  tube  in  a  regeneration 
chassis  anc"  "  ,  fourth  was  due  to  a  filament  failure  in  the  address 
generator.  Of  course,  there  were  several  machine  errors  which  were 
t'-^iagnosed  and  may  have  been  in  the  memory.  There  were  no  "flaw" 
errors  of  the  type  which  in  the  past  usually  accounted  for  about 
five  to  ten  errors  per  month. 

There  is  some  difficulty  in  getting  a  RAR  test  at 
high  test  values  of  RAR  using  the  machine.  Useful  codes  do  not  produce 
a  RAR  greater  than  about  200.  However,  a  test  routine  which  is  still 
versatile  enough  to  test  for  failures  from  0  to  1,  or  1  to  0,  using 
bombardments  of  either  l*s  or  0's,  reading  or  storing,  has  been  written 
which  tests  for  a  RAR  of  665.  It  Is  called  the  Caterpillar  and  re- 
quires a  visual  read-out  of  the  results. 

b.  Few  Input  Order. 

A  new  order  (9100*0  is  now  available  which  makes  It 

por^ible  to  read  all  five  holes  from  the  teletype  tape  into  the  machine, 

-36   -39 
The  usual  four  are  inserted  in  the  2    -2   positions  in  the  accumu- 
lator (A  register)  and  the  content  of  the  fifth  hole  is  put  into  position 
2  of  the  accumulator. 

c.  Hew  Teletype  Printer. 

A  new  printer  has  been  connected  to  the  Illiac  which  con- 
tains all  of  uhe  letter  characters  of  the  alphabe-'  as  well  as  the  usual 
sexadecimal  characters.  It  operates  from  \fhat  is  expected  to  be  the 
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"final"  tape  code.  Other  printers  will  be  altered  to  make  possible 

the  use  of  thi3  same  code  for  all  the  letters  of  the  alphabet. 
d.  Measurements  of  Speed. 

During  the  month  it  was  found  that  a  pair  of  1.5  orders 
required  10  regeneration  cycles  rather  than  the  8  which  had  heretofore 
been  measured  for  a  pair  of  Lk  orders.  This  was  found  to  he  due  to 
the  fact  that  "go  enable1'  was  slow  because  of  an  added  capacitance 
due  to  the  drum  circuits  and  because  the  "carry  delay"  was  set  too 
long.  Both  of  these  have  been  corrected  so  that  a  pair  of  I>5  orders 
now  require  8  regeneration  cycles. 
V   RESEARCH  ON  COMPUTER  COMPQHEHTS  (Supported  in  part  by  OSR  Task  2*0 

A  new  code  to  test  drum  circuits  was  prepared.  It  fills 
desired  tracks  with  pseudo-random  numbers,  plays  them  back  and  checks 
them.  If  an  error  is  made,  the  position  of  the  incorrect  binary 
digits  is  Indicated.  This  code  has  only  been  used  a  total  of  about  two 
hours  with  two  tracks.  However,  it  appears  that  one  track  will  operate 
about  15  minutes  before  an  error  is  made  and  the  other  will  operate  only 
one  minute  before  an  error  is  made.  This  is  caused  by  noise  from 
other  circuits  which  is  superimposed  on  the  playback  signals.  The  signals 
are  not  as  'clean"  as  those  obtained  with  the  earlier  test  circuits. 
Some  of  the  noise  arises  only  when  the  drum  is  operating  with  Illiac. 
Experiments  have  been  carried  out  on  a  number  of  point- 
ict  transistors  to  determine  the  effectiveness  of  a  clamping  diode 
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from  base  to  collector  in  reducing  the  hole-storage  effect.  Besults 
of  these  tests  indicate  that  a  significant  reduction  in  hole-storage 
delay  time  can  be  obtained  in  this  maimer,.  In  addition,  the  "turn-off 
time"  becomes  negligible  when  the  diode  is  used.  One  more  aspect  of 
this  must  still  be  investigated.  It  is  known  that  the  normal  delay- 
increases  with  such  factors  as  duration  of  saturation,  but  levels  off 
at  a  maximum  value  of  about  200  microseconds .  The  tests  made  so  far. 
did  not  involve  a  normal  delay  time  of  this  maximum  value,  and  therefore 
it  is  not  known  whether  the  diode-clamped  delay  time  will  also  level 
off  at  as  appreciably  smaller  delay. 

Two  types  of  Junction  transistors,  2ST36  and  2N38,  have 
been  obtained  from  CBS-Hytron.  They  differ  principally  in  that  the 
2H36  has  a  higher  gain  than  the  2K38.  Measurements  of  zero-emitter 
collector  current  (i  ),  grounded- emitter  and  grounded-base  current 
gain  (oL       ando£  .  respectively)  have  been  made  for  all  of  the  2N36's. 
Similar  measurements  will  be  made  of  the  2H38's,  and  response  time 
measurements  will  be  made  for  both  types. 

Design  techniques  for  transistors  are  complicated  by  the 
relatively  low  impedance  levels  of  the  device*  With  direct- coupled 
circuits,  this  means  that  the  voltage  levels  in  a  circuit  will  be 
altered  whenever  an  additional  circuit  is  connected  to  it.  Accordingly, 
a  Junction  transistor  flip-flop  circuit  has  been  designed  which  includes 
two  gating  transistors  and  two  read-out  transistors  as  an  integral 
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part  of  the  design.  This  circuit  was  built  and  some  tests  have  "been 
made  on  it,  using  the  type  2H38  transistors.  The  time  required  to 
turn  the  flip-flop  oyer  ranges  from  six  to  thirteen  microseconds, 
depending  upon  the  transistors  in  the  circuit*  It  remains  to  be 
determined  vhether  this  circuit,  or  a  similar  one,  is  capable  of 
driving  a  reasonable  number  of  logical  circuits. 
VI   REPORTS  AND  SEMXHARS 


Seminars 


Kerve  Cell  Counting  and  Sizing  Us ing  the  Illiac, 
by  Walter  Welkovitz  -  December  2,  1953. 

Use  of  Illiac  in  Solving  a  Problem  of  Refraction  of  a 
Shock  Wave,  by  A.  E.  Robinson  -  December  9,   1953« 

Restricted  Random  Walks  and  the  Dimension  of  Polymer 
Molecules ,  by  W.  F.  Atchison  -  December  16,  1953' 


Papers 


Reliability  and  Characteristics  of  the  Illiac  Electrostatic 
Memory  by  Joseph  M.  Wier  (The  Eastern  Joint  Computer 
Conference)  Washington,  D.  C.  -  December  9,   1953 • 


Internal  Reports 


Talks 


#53  by  Joseph  M.  Wier,  OPERATIONAL  RESULTS  USEJG  C73621 
CATHODE  RAT  TUBES  AS  STORAGE  TUBES  HI  THE  ILLIAC. 


A  series  of  four  talks  on  the  computer  was  presented 

for  the  E0  E.  Seminar  during  Uovember  and  December 

by  J.  E.  Robertson,  J.  M.  Wier,  T„  Shapin  and  R.  E.  Meagher. 
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VII   CQNSTKUCTICar 


1.  Twelve  drum  pre-amt>lifier  chassis  have  been  vlred. 

2.  One  Thousand  6J6  tubes  were  checked. 

3«  The  construction  of  a  set  of  push  buttons  for 
R~  has  been  started. 

ha     Design  of  the  dr  c "    .  has  been 

partly  finished. 

5»  Changes  were  made  in  the  Illiac  to  lnstc.ll  the 
fifth  hole  input  order. 


VIII 


PERSQH&EL 

The  personnel  associated  with  the  group  and  hence  the 
contributors  to  this  report  are: 


Bateman,  Wm.  E.  (Dec.  21,  1953) 

Brown,  Mrs.  Caroline 

Ehrlich,  George 

Fishel,  Jerome  (l/2  time) 

Gill,  Stanley 

Golub,  Gene  (l/2  time) 

Gregory,  R.  T.  ClA  time) 

Hardy,  H.  V„  (Jan.  11,  195*0 

House,  Mrs.  Batalie  R. 

Huffman,  W.  L. 

Jones,  W„  E. 

Kerkering,  T  E. 

Kndlich,  R.  A.  (RCA  Fellow) 

Lopeman,  H.  E. 

Meagher,  R.  E. 

Michael,  G.  W. 


Miller,  R«  E.  (l/2  time) 
Muller,  Z>.  E. 
Hash,  J.  P. 

saark,  3L  M.  (Chairman,  Exec0  Coamu ) 
Ogata,  Albert  I.  (Student  Assist.) 
Polivka,  R.  P.  (1/2  time) 
Robertson,  J,  E. 
Russell,  Miss  Ramona  J. 

iaf e Id ,  Robert  ( Student  Ac s  ist . ) 
Seshu,  Mrs.  Lily  (l/2  time) 
Shapin,  Theodore  Jr. 
Stephens,  Allen 
Taub,  A.  H.  (l/2  time) 
Wier,  J.  M. 
Yu,  Hwa-Hien  (l/2  time) 


The  work  of  the  group  is  under  the  administration  of  an 
Executive  Caonltt.ee  with  the  following  members;  N.  M.  Nevraark,  Chairman, 
Stanley  Gill,  D.  E.  Muller,  J.  P*  Nash,  J.  E.  Robertson,  A.  H„  Taub  and 
R,  E0  Meagher. 
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UNIVERSITY  OF  ILLINOIS 

GRADUATE  COLLEGE 

DIGITAL  COMPUTER  LABORATORY 


TECHNICAL  PROGRESS  REPORT 


Teaching  and  graduate  research  are 
not,  In  general,  reported  herein. 


January  1,  195^  -  January  31,  195^ 


, 


MATHEMATICAL  RESEARCH  AMD  CODUJG.  (This  work  ie  supported  In  part 
by  CNR  Task  30) 

Boundary  Value  Differential  Equation.   This  program  has  now 
been  polished  up  and  is  being  put  into  the  library.  All  of  the  parameters 
except  that  for  indicating  the  number  n  of  subintervals  have  been  made 
preset  parameters. 

Drum  Transfer  Routine.    A  program  has  been  written,  but  not 
tested  for  transferring  subroutines  from  the  drum  to  the  Williams  memory. 
It  handles  block  units  consisting  of  8  bits.  It  has  the  following  ad- 
vantages : 

a.  Subroutines  stored  on  the  drum  in  this 
fashion  will  generally  take  up  less  room 
than  they  will  in  their  final  form  in  the 
Williams  memory. 

b.  It  will  be  possible  to  write  a  routine  to 
read  tapes  prepared  for  the  Decimal  Order 
Input  and  store  them  on  the  drum  in  the  drum 
form  without  rewriting  the  library  routines. 

c.  It  will  lie   possible  to  refer  to  the  drum  within 
the  framework  of  the  Decimal  Order  Input.  A 
program  could  consist  of  some  drum  codes  and 
some  tape  codes  and  both  could  be  called  fog- 
by  similar  directives.  The  principal  dis- 
advantage of  this  method  is  that  it  will 
probably  be  slower  than  the  others. 

Statistics  Problems.    There  is  now  operating  a  routine 

which  estimated  coramunalities  by  the  method  of  maximum  likelihood.  The 

! 
rate  of  convergence,  however,  is  very  slow,  and  several  suggestions  for 

J  speeding  up  the  convergence  rate  will  now  be  investigated. 

A  program  is  also  being  written  which  will  plot  scatter  diagrams 
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on  the  oscilloscope. 

Linear  Programming;.   A  scheme  has  "been  outlined  for  a  routine 
which  uses  the  simplex  method  for  solving  problems  in  linear  programming 
and  the  theory  of  games.  Most  attention  has  "been  paid  to  the  conservation 
of  memory  space. 

Boolean  Algehra.    A  revision  of  Internal  Report  h6   is  under 
way,  Chapter  3  being  revised  substantially.  A  reformulation  of  the 
postulates  of  the  new  algebra  presented  there  is  being  attempted,  and 
quite  a  number  of  simplifications  have  been  achieved. 

Engineering  Routines.    The  library  of  engineering  programs 
used  in  Illiac  maintenance  (see  last  month's  report)  has  been  rearranged 
and  descriptions  have  been  furnished  for  all  programs.  The  engineers' 
books  have  been  arranged  in  four  categories: 

A.  Leapfrog  Programs  (Detection) 

B.  Special  Isolation  Programs 

C.  Service  Programs 

D.  Auxiliary  Programs 

The  rack  of  tapes  in  the  computer  room  and  the  file  drawers 
of  engineering  programs  are  complete  and  the  tapes  are  readily  available „ 
II    ILLIAC  PROGRAMMING  BOOK. 

Final  copy  for  nearly  all  of  the  chapters  of  the  hook.   on 
Illiac  programming  has  been  written  and  the  pages  are  now  being  duplicated, 
ni   REORGAHIZATION  OF  THE  PROGRAM  LIBRARY. 

It  has  been  recognized  for  some  time  that  the  program  library 
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would  benefit  from  a  reorganization,  and  such  a  reorganization  is  now 
being  carried  out.  The  old  method  merely  numbered  routines  serially. 
The  new  one  divides  them  into  categories  (of  which  there  are  2k)   de- 
signated by  letters  with  numbered  programs  in  each  category.  The  re- 
organization is  described  in  Internal  Report  Ho.  55>  "Reorganisation 
of  Illiac  Library". 
IV   MACHINE  U5E„ 

The  following  list  gives  problem  specifications  for  new 
problems  which  were  tried  in  January.  It  does  not  indicate  how  the 
Illiac  was  used  because  large  amounts  of  machine  time  may  have  been  con- 
sumed by  problems  with  numbers  less  than  256. 


NUMBER 

256 

257 
258 

259 
260 
261 
262 
263 
26k 
265 


PROBLEM  SPECIFICATION 

Esthetic  connotations 

Monte  Carlo  scattering 

Pattern  analysis 

Stresses  in  pressure  vessels 

Deuteron  reaction 

Transistor  amplifier  design 

Auto- corre lat ion 

Square  root  factor  analysis 

Compute  a-a  cross  section 

Transient  response  of  a  ring 


AFFILIAT1QB 

Mass.  Communications 
Physics 
Psychology 
Computer 
Physics 
Computer 
Psychology 
Inst,  Labor  and  Ind.  Rel, 
Physics 
Struct.  Engr. 


Table  I  shows  the  distribution  of  machine  time  for  the  in- 
terval January  1,  195^  to  January  31,  195^: 
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TABLE  I 

h  m 

Engineering  8-12 

39:56 

Engineering  (all  other  times) 

l6:l4 

EAR 

15:58 

Leapfrog 

37:06 

Wasted 

:47 

Demons trati  ons 

1:46 

USE  W   GROUPS 

Computer  Group 

29:20 

Classes 

3:^9 

Physics 

47: 18 

Cosraotron 

10:18 

C.  S.  L. 

38:56 

Struct.  Engr.  (Reg.) 

4:13 

Struct.  Engr.  AF24994 

8:56 

Struct.  Engr.  U0BS62250 

5:11 

Psychology  (Reg.) 

2:14 

Psychology  AP25726 

19:58 

Elec.  Engr. 

3:37 

Chemistry 

17:50 

Agriculture 

5:18 

Public  Health 

:kj 

Miscellaneous 

18:57 

fotal 


528:29 


V   ERROR  FREQUENCY  AM)  ANALYSIS. 

The  machine  is  normally  used  for  "engineering"  and  maintenance 
between  8  AM  and  12  "E,   and  for  a  check  of  its  performance  between 
5:00  PM  and  5:30  PM  of  each  weekday.  Since  the  periods  between  8  in 
the  morning  and  noon,  together  with  certain  other  Irregular  periods 
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like  Saturdays  and  Sundays,  are  devoted  to  a  heterogeneous  group  of 
functions,  it  is  more  instructive  from  an  error  analysis  standpoint 
to  look  at  the  periods  between  noon  and  midnight  of  each  weekday  in 
order  to  make  an  observation  of  the  error  frequency  in  the  machine. 
This  is  the  actual  period  when  the  machine  is  designated  for  use.  With 
this  in  mind  a  summary  table  has  been  prepared  using  the  period  between 
noon  and  midnight  of  each  weekday.  This  table  lists  the  running  time 
when  the  machine  was  operating,  the  amount  of  time  devoted  to  repairs 
because  of  breakdowns,  and  the  number  of  failures  while  the  machine 
was  listed  as  running.  During  the  5:0°-5j30  period  (when  the  machine 
is  checked)  if  no  errors  are  found,  the  time  is  given  to  the  "running 
column".  Each  failure  was  considered  to  have  terminated  a  running 
period  and  was  followed  by  a  repair  period  in  preparing  this  table,, 
Since  the  leapfrog  code  is  our  most  significant  mechlne  test,  the  length 
of  time  which  it  has  been  used  on  the  machine  is  listed  separately  to- 
gether with  the  number  of  errors  associated  with  that  particular  code. 
This  information  for  the  month  is  presented  as  Table  II. 

It  is  important  to  notice  that  any  Interruption  of  machine 
time  that  was  not  planned  for  is  considered  a  failure  in  this  table. 
In  rare  cases  where  the  failure  is  not  known  until  a  later  time,  it  is 
possible  that  no  repair  period  is  associated  with  the  failure.  This  over- 
all system  has  been  adopted  because  it  makes  it  possible  for  a  machine 
user  to  estimate  directly  the  probability  that  the  machine  will  be  "running" 
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at  any  instant  of  time  and  the  probability  of  a  failure  during  any 
given  interval  of  running  time. 

The  number  of  interruptions  during  this  month  has  been 
very  large  because  of:  (l)  errors  while  reading  in  tapes,  (2)  errors 
while  punching  tapes  and,  (3)  repair  times  which  extended  beyond  the 
usual  morning  periods  while  attempting  to  locate  the  input  and  output 
errors.  On  February  2nd  one  source  of  trouble  was  found  which  accounted 
for  many  of  the  input  errors.  It  was  a  broken  weld  in  one  of  the 
phototubes  which  made  a  connection  intermittent  under  some  conditions 
of  vibration.  Evidently  the  reader  had  to  be  braking  at  a  certain  fre- 
quency in  order  to  cause  any  difficulty.  This  indicates  that  the  photo- 
tube support  was  probably  mechanically  resonant  at  this  frequency. 
Ordinary  tapping  of  the  box  did  not  indicate  any  fault.  The  difficulty 
causing  the  double  punching  was  due  to  a  low  output  from  one  of  the 
phototubes  in  one  of  the  punches.  The  combined  effects  of  dirt  on  the 
glass  of  the  phototube  and  a  particularly  old  light  bulb  caused  the 
output  voltage  from  the  phototube  to  be  abnormally  low.  It  is  believed 
that  these  errors  have  been  "permanently"  fixed. 
VI   COMMENTS  Off  THE  MA.CHE2E. 
a.  Memory 

During  the  month  no  memory  errors  occurred  which  could  be 
associated  with  the  new  set  of  cathode  ray  tubes  in  any  way  at  all. 
A  total  of  7  memory  errors  were  noted  (not  all  of  these  occurred  during 
the  noon  to  midnight  period  and  are  not, therefore,  listed  in  Table  II). 
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Five  of  these  memory  faults  irere  caused  because  of  tube  failures  In 
four  separate  regeneration  chassis.  One  failure  was  caused  because  of 
an  abnormally  low  intensity  setting  of  one  of  the  cathode  ray  tubes  and 
one  was  caused  because  of  a  tube  filament  failure  in  the  address  genera- 
tor. 

b.  Cathode  Ray  Tube  Output 

The  cathode  ray  tube  output  has  been  used  considerably  for 
the  first  time.  The  results  of  computations  for  the  midwest  cosmotron 
have  been  displayed  on  the  cathode  ray  tube  output.  A  plot  has  frequently 
been  made  of  the  height  of  the  accelerated  particle  from  the  median 
plane  vs.  the  radius  of  the  particle  for  many  positions  of  the  particle 
around  its  orbit. 
VII    RESEARCH  OH  COMPUTER  COMPOBMT.   (Supported  in  part  by  OBR  Task  2k) 

a.  Magnetic  Drum  Memory 

Some  changes  were  made  in  the  drum  circuits  to  eliminate  noise 
from  the  playback  signal.  After  this  was  done,  the  drum  test  program 
showed  the  circuits  would  operate  without  error  for  periods  of  an  hour, 
using  two  tracks.  Coaxial  cables  were  installed  in  place  of  some  un- 
shielded leads  between  the  Illiac  and  the  drum  test  unit.  This  eliminated 
a  source  of  unwanted  signals  which  had  been  capacitlvely  coupled  from 
other  wires  and  permitted  all  four  tracks  on  the  test  unit  to  be  used  by 
a  program  stored  in  the  Illiac .  The  operation  with  all  four  tracks  has 
not  yet  been  checked  for  any  appreciable  length  of  time. 

Damping  resistors  were  added  to  the  heads  to  eliminate  recording 
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current  overshoots.  This  damping  increased  the  time  delay  between 
record  and  playback  of  a  digit,  and  made  It  necessary  to  change  some 
of  the  timing  pulses  to  compensate.  One  timing  pulse  was  rewlr@d  so  it 
would  not  be  coupled  into  the  playback  amplifier.  Lead  capacity  on 
the  gate  into  the  accumulator  was  found  to  be  a  cause  of  some  oscilla- 
tions that  were  also  being  picked  up  by  the  playback  amplifier. 

A  revision  of  the  electrical  and  logical  diagrams  associated 
with  the  drum  has  been  finished. 

b.  Computer  Transistor  Circuits 

During  this  month  several  new  types  of  transistors  were 
obtained,  including  four  I858  n-p-n  Junction  transistors  which  were 
received  on  loan  from  the  Bell  Telephone  Laboratory.  These  transistors 
are  reported  to  have  a  much  faster  transient  characteristic  than  previous 
types.  Type  200  and  201  n-p-n  transistors,  and  type  102  point-contact 
transistors  were  obtained  from  Texas  Instruments  Company.  The  latter 
type  have  response  times  of  the  order  of  one  or  two  microseconds  an 
may  make  practical  the  use  of  point- contact  transistors  with  a 
saturated  stable  state. 

Some  response  time  measurements  on  type  200  junction  transistors 
have  shown  response  times  of  the  order  of  eight  to  ten  microseconds. 

In  order  to  simplify  to  some  extent  the  design  problem 
for  the  junction  transistor  flip-flop,  a  program  has  been  written  for  the 
Illlac.  This  program  finds  various  combinations  of  resistors  and  supply 
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voltages  which  satisfy  a  set  of  inequalities  and  equalities  governing 
the  operation  of  the  output  amplifier  of  the  flip-flop. 
VIH    REPORTS  AMD  SEMINARS. 
Seminars 

M*«I«MMMIMHM 

Magnetic  Core  Matrix  Memories,  by  Joseph  M.  ¥ier, 
January  6,   195&. 

The  a-a  Phase  Shift  Analysis,  by  J.  H.  Snyder, 
January  13,  195^  • 

Will  the  Illiac  Ever  Learn?  by  Stanley  Gill, 
January  20,  195^. 

Internal  Reports 

#5^  by  Stanley  Gill,  REORGAHIZATKU  OF  ILLIAC  LIHWRY. 

#55  fcy  Joseph  M.  Wier,  A  DYNAMIC  MAGHSTXC  CORE  MEMORY. 

Talks 

The  Development  of  a  Program  for  an  Automatic  Digital 
Computer  by  Stanley  Gill,  January  28,  195^  st  Louisiana 
State  University. 

The  Use  of  Subroutines  In  Programs  by  Stanley  Gill,  January 
29,  195k  at  Louisiana  State  University. 

EC   COSffSTRTOTIOff., 

The  construction  work  actively  in  process  consists  of  work 
on  three  new  tape  readers,  the  drum  circuits  and  a  "final  design" 
cathode  ray  tube  output  with  camera,  fully  under  the  control  of  the  com- 
puter (except  for  removing  the  film  for  development). 

The  work  carried  out  during  the  month  consists  of: 

1.  Two  preamplifier  chassis  were  wired  for  drum. 

2.  One  new  photoelectric  tape  reader  has  been 
completed  except  for  final  assembly  and  painting. 
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3.  Chassis  parts  for  two.. matrix  amplifier  chassis  and  one 
record  amplifier  chassis  have  been  built. 

k,     A  frame  has  been  built  for  the  cathode  ray  tube  output. 

$.  The  pulsers  for  the  cathode  rsy  tube  output  have  been  built. 

6.  Push  button  switches  for  inserting  numbers  into  R~  from 
the  front  panels  have  been  built.  -* 

7.  A  camera  for  the  cathode  ray  tube  output  has  been 
partly  built. 


X 


PERSOHHEL,. 


The  personnel  associated  with  the  group  and  hence  the  contri- 
butors to  this  report  are; 


Bateman,  Wm.  E. 

Brown,  Mrs.  Caroline 

Ehrlich,  George 

Fishel,  Jerome  (l/2  time) 

Gill,  Stanley 

Golub,  Gene  (l/2  time) 

Gregory,  R.  T.  (l/k  time) 

Hardy,  H.  V. 

House,  Mrs.  Katalie  R. 

Huffman,  W,  L. 

Jones,  W.  E0 

Kerkering,  T.  E. 

Kndlich,  R.  A.  (RCA  Fellow) 

Loperaan,  H  E. 

Meagher,  R.  E. 

Michael,  G.  W. 


Miller,  R.  E.  (l/2  time) 

Muller,  D.  E. 

Hash,  J.  P. 

Hewmark,  1ST.  M.  (Chairman,  Exec  .Coram. ) 

Ogata,  Albert  I.  (Student  Aosist.) 

Polivka,  R.  P.  (1/2  time) 

Robertson,  J.  E. 

Russell,  Miss  Ramona  J. 

Seinfeld,  Robert  (Student  Assist.) 

Seshu,  Mrs.  Lily  (1/2  time) 

Shapin,  Theodore  Jr. 

Stephens,  Allen 

Taub,  A.  H.  (l/2  time) 

Wier,  J.  M, 

Yu,  Hwa-Men  (l/g  time) 


The  work  of  the  group  is  under  the  admini station  of  an  Executive 
Conmittee  with  the  following  members;  H.  M.  Bewmark,  Chairman,  Stanley 
Gill,  D.  E.  Muller,  J.  P.  Hash,  J.  E.  Robertson,  A.  H.  Taub  and  R.  E.  Meagher. 
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UNIVERSITY  OF  ILLINOIS 
GRADUATE  COLLEGE 
DIGITAL  COMPUTER  LABORATORY 


TECHNICAL  PROGRESS  REPORT 

Teaching  and  graduate  research  are 
not,  in  general,  reported  herein. 


February  1,  195^  -  February  28,  195^ 


I   MATHEMATICAL  RESEARCH  AND  CODING.    (This  work  is  supported  in  part 
"by  ONR  Task  30). 

Logical  Algebra.   A  paper  on  Boolean  algebras  in  electrical 
circuit  design  has  been  accepted  for  publication  and  one  is  now  being 
prepared  on  a  new  type  of  three-valued  logical  algebra.  Applications 
of  the  new  algebra  to  dynamic  computer  circuits  are  being  explored. 

Drum  Transfer  Routine.   A  second  drum  transfer  routine  is 
being  written.   This  one  utilizes  the  two  unused  bits  of  each  order 
(the  instruction  digits  use  only  8  of  the  10  bits)  to  determine  a 
terminating  symbol  after  the  address.   The  tentative  plan  is  to  use 

11  for  the  F  symbol  (fixed  address) 
10  for  the  L  symbol  (relative  address) 


01 
00 


for  the  S  symbol  (parameters) 


When  an  S  symbol  is  indicated  the  routine  will  refer  to  another  word 
which  holds  the  information  required.   Such  words  will  also  hold  the 
K  (directive)  and  N(start  the  program)  symbols.   The  length  of  the 
program  on  the  drum  will  be  increased  by  about  one  word  for  every 
ten  S  symbols . 

Simple  Code  Testing  Scheme.   A  scheme  has  been  devised,  and 
is  about  to  be  tested,  to  facilitate  the  trying-out  of  many  short  codes. 
The  scheme  is  intended  primarily  for  use  on  codes  written  by  students  in 
Math  385. 

Features  of  the  scheme  are  that  many  tapes  can  be  tested  in 
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one  batch,  and  the  operator's  work  is  cut  to  a  minimum,  yet  the  coding 
is  done  in  a.  manner  differing  trivially  from  ordinary  Illiac  coding. 

An  interpretive  technique  is  used,  and  the  cause  of  stoppage 
is  printed  out.   If  the  machine  does  not  stop  on  OF,  a  post-mortem 
similar  in  principle  to  Code  CI  is  automatically  applied.   Results 
are  identified  by  having  each  student  punch  his  name  on  his  tape, 
and  copying  this  onto  the  output  tape. 

Differential  Equations .   A  program  for  solving  systems  of 
ordinary  second  order  differential  equations  by  an  iterative  method 
has  been  written  by  J.  A.  Brooks  of  the  Structural  Research  Laboratory 
and  will  be  placed  in  the  library.   This  will  be  the  third  library 
program  for  ordinary  differential  equations. 

Product  Moment  Correlations.   R.  A  Twery  of  the  Psychology 
Department  has  prepared  a  program  which  finds  product  moment  corre- 
lations .   This  program  will  also  be  added  to  the  library. 

Estimation  of  Communalities .   Further  work  is  being  done 
on  speeding  up  the  rate  of  convergence  for  the  estimation  of  communa- 
lities by  the  method  of  maximum  likelihood. 

Cathode  Ray  Tube  Output.   A  considerable  amount  of  thought 
is  being  given  to  the  use  of  the  cathode  ray  tube  output.   Programs 
for  displaying  scatter  diagrams  and  for  labeling  have  been  prepared 
in  addition  to  the  plotting  program  already  available.   The  latter 
should  be  particularly  useful  to  those  groups  who  are  now  extensively 
using  the  output  for  plotting  solutions  to  differential  equations. 
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Library  Summary  Sheets .    Summary  sheets  for  library  programs 
are  being  written  for  programmers.   These  summaries,  limited  when 
possible  to  1  page,  contain  information  necessary  for  use  by  a 
programmer  but  no  details  of  method. 

II   MACHINE  USE,   The  following  list  gives  problem  specifications 
for  new  problems  which  were  tried  in  February.   It  does  not  indicate 
how  the  Illiac  was  used  because  large  amounts  of  machine  time  may 
have  been  consumed  by  problems  with  numbers  less  than  266. 


NUMBER  PROBLEM  SPECIFICATION 

266  Beta  weights  for  factor  estimations 

267  Quadrimax  factor  rotation 

268  Plot  scatter  diagram 

269  Simultaneous  equations  (Thesis) 

270  Behavioristic  study  (Thesis) 

271  Second  order  differential  eq. 

272  Dislocation  energy 

273  Simultaneous  equations 

27^-  Charge  distribution  in  germanium 

275  Deuteron  reaction 

276  Lateral  buckling  of  beams 

277  Estimation  of  factor  scores  (Thesis) 

278  Analysis  of  tracking  behavior 

279  Product  moment  correlation  (Thesis) 


AFFILIATION 
Bur.  Ed.  Research 
Bur.  Ed.  Research 

Computer 
Dairy  Science 
Psychology 
Structural  Research 

Physics 
Structural  Research 
Physics 
Phys  i  c  s 
Structural  Research 
Bur.  Ed.  Research 
Univ.  of  Indiana 
Psychology 
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Ill   LIBRARY  ROUTINES.    The  following  two  programs  were  added  to 
the  Illiac  library  during  February .   The  second  is  by  R„  F,  King, 

S3  (130)    Logarithm.  lh   words . 

This  program  (requiring  about  51  milliseconds) 
is  slow  but  requires  little  space .   It  computes 
l°gpx*   Other  logarithms  can  be  obtained  with 
conversion  factors, 

T$k   (131)    Input  a.  Sequence  of  Integers .   17  words , 

This  program  reads  a  sequence  of  integers 
from  the  tape  and  stores  them  successively. 

Table  I  shows  the  distribution  of  machine  time  for  the 
month  of  February, 


TABLE  I 

h  m 

Eng,  (8-12) 

^  15 

Eng,  (all  other  times) 

19:09 

RAR 

10:58 

Leapfrog 

32:32 

Wasted 

:27 

USE  OF  COMPUTER  BY 

GROUPS 

Demonstrations 

itoh 

Computer  Group 

20:it-9 

Cosmotron 

9:56 

Physics 

37^2 

CSL 

38:33 

Struct,  Research 

9:00 

Struct,  Research  (&F2.k99k) 

21:02 

Struct,  Research  (N0BS62250) 

32:^0 

Psychology 

htlQ 

Psychology  (AF25726) 

10:57 

Electrical  Engineering 

2:03 

Chemistry 

19:51 

Agriculture 

3:50 

Indiana  University 

1:10 

Miscellaneous 

5:^6 

Total:      325:02 


IV   ERROR  FREQUENCY  AND  ANALYSIS.    The  machine  is  normally  used 
for  "engineering"  and  maintenance  between  8  AM  and  12  N,  and  for  a 
check  of  its  performance  between  5° 00  PM  and  5:30  PM  of  each  weekday . 
Since  the  periods  between  8  in  the  morning  and  noon,  together  with 
certain  other  irregular  periods  like  Saturdays  and  Sundays,  are 
devoted  to  a  heterogeneous  group  of  functions,  it  is  more  instructive 
from  an  error  analysis  standpoint  to  look  at  the  periods  between 
noon  and  midnight  of  each  weekday  in  order  to  make  an  observation  of 
the  error  frequency  in  the  machine.   This  is  the  actual  period  when 
the  machine  is  designated  for  use.  With  this  in  mind  a  summary 
table  has  been  prepared  using  the  period  between  noon  and  midnight 
of  each  weekday.   This  table  lists  the  running  time  when  the  machine 
was  operating,  the  amount  of  time  devoted  to  repairs  because  of 
breakdowns,  and  the  number  of  failures  while  the  machine  was  listed 
as  running.  During  the  5:00-5:30  period  (when  the  machine  is  checked) 
if  no  errors  are  found,  the  time  is  given  to  the  "running  column". 
Each  failure  was  considered  to  have  terminated  a  running  period  and 
was  followed  by  a  repair  period  in  preparing  this  table .   Since  the 
leapfrog  code  is  our  most  significant  machine  test,  the  length  of 
time  which  it  has  been  used  on  the  machine  is  listed  separately 
together  with  the  number  of  errors  associated  with  that  particular 
code.   This  information  for  the  month  is  presented  as  Table  II. 

It  is  important  to  notice  that  any  interruption  of  machine 
time  that  was  not  planned  for  is  considered  a  failure  in  this  table. 
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In  rare  cases  where  the  failure  is  not  known  until  a  later  time,  it 
is  possible  that  no  repair  period  is  associated  with  the  failure. 
This  overall  system  has  been  adopted  because  it  makes  it  possible 
for  a  machine  user  to  estimate  directly  the  probability  that  the 
machine  will  be  "running"  at  any  instant  of  time  and  the  probability 
of  a  failure  during  any  given  interal  of  running  time. 

The  error  analysis  for  February  shows  that  a  number  of 
errors  are  still  due  to  the  reading  of  tapes .   It  is  believed  that 
most  of  these  errors  have  occurred  because  of  improper  stopping  of 
the  tape .   Some  changes  in  both  the  logic  concerning  the  reading 
of  tapes  and  the  mechanical  parts  of  the  tape  readers  are  contem- 
plated. 

V   COMMENTS  ON  THE  MACHINE, 
a .  Memory 

During  the  month  several  errors  have  been  associated  with 
the  memory.   In  some  cases  the  errors  resulted  from  tube  failures 
within  the  regeneration  chassis  but  in  two  cases  it  became  necessary 
to  change  cathode  ray  tubes.   In  one  case  the  cathode  ray  tube  appeared 
to  have  a  loose  second  anode  connection.   In  the  other  case  a  flaw 
on  the  surface  of  the  phosphor  became  of  sufficient  amplitude  to 
require  changing  the  tube.   This  is  the  first  flaw  on  this  set  of 
tubes.   It  evidently  increased  with  use  of  the  tube  because  originally 
it  was  too  small  to  be  noted, 
b.  Teletype  Equipment 

Two  Teletype  printers  in  the  tape  room  have  been  modified  so 
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that  2.6   characters  can  be  printed  according  to  the  "final"  tape  code. 
A  third  printer  is  in  the  process  of  being  modified  and  is  nearly- 
finished. 

c.  Engineering  Codes 

Two  new  engineering  codes  have  been  added  to  the  list  already- 
available.   The  first  (number  31)  will  make  possible  the  reperf oration 
of  tapes  from  the  Illiac.   The  second  is  a  program  to  put  a  test 
pattern  on  the  cathode  ray  tube  output  in  order  to  check  for  deflection 
linearity. 

VI   RESEARCH  ON  COMPUTER  COMPONENTS.   (This  work  is  supported  in  part 
by  ONR  Task  2k) . 

a.  Magnetic  Brum  Memory 

Tests  have  shown  that  all  four  drum  tracks  in  the  temporary 

unit  will  not  operate  properly  with  the  Illiac.   Using  all  four  tracks 

involves  switching  the  preamplifiers .  Previous  use  of  two  tracks 

involved  switching  only  the  main  amplifiers.   The  coincidence  signal 

was  delayed  an  additional  word  time  with  the  thought  of  allowing 

switching  voltages  ample  time  to  settle  down.   This  made  only  a  slight 

improvement.   This  trouble  is  being  investigated  further.   Some 

corrections  have  been  made  in  the  playback  amplifier  circuit. 

b.   Computer  Transistor  Circuits 

The  fast-response  junction  transistors  (1858)  have  been 

tested  in  the  flip-flop  circuit.  No  significant  improvement  in 

triggering  time  was  obtained,  leading  to  the  conclusion  that  the 

delay  is  not  primarily  a  collector  hole-storage  effect.   Instead^ 
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most  of  the  triggering  time  is  used  to  reduce  the  base  current  to  the 
conducting  transistor.   The  base  current  is  required  to  be  a  minimum 
value  for  the  worst  transistors,  and  therefore  this  current  will 
be  excessive  for  normal  or  better-than-average  transistors.   Two 
possible  modifications  of  the  circuit  were  tried,  but  there  were 
other  objections'  to  both. 

Investigations  have  been  made  into  the  possibility  of  using 
either  point-contact  transistors  or  hook- collector  junction  transistors 
for  a  flip-flop  type  circuit.   The  point-contact  transistors  would 
be  used  in  a  saturating  type  circuit,  similar  to  the  one  described 
in  Internal  Report  ^8.   The  hook-collector  device  would  be  used  in 
a  symmetrical  type  of  trigger  circuit.   On  the  basis  of  these  calcu- 
lations, it  has  been  decided  to  concentrate  upon  a  type  of  circuitry 
using  point-contact  transistors  in  the  flip-flops,  and  junction 
transistors  for  gates,  output  amplifiers,  and  logical  circuitry, 
c.  Design  of  a  Small  Magnetic  Core  Memory 

At  the  request  of  the  Control  Systems  Laboratory,  we  have 
undertaken  the  design  of  a  small  magnetic  core  memory.   This  memory 
is  to  have  a  capacity  of  6k   words  each  of  30  binary  digits .   The 
access  time  requirements  are  such  that  it  is  necessary  to  be  able 
to  store  a  30  bit  word  in  300  microseconds  or  to  read  out  1  bit 
in  300  microseconds.  Drawings  for  all  of  the  circuits  have  been 
prepared  in  rough  form  and  are  now  waiting  to  be  drafted.   The 
circuits  require  a  total  of  6l9  vacuum  tubes  and  a  total  power 
(ac  and  dc  )  amounting  to  3>700  watts.   It  has  been  estimated  that 
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the  memory  will  require  a  cabinet  of  about  6'  x  k1    x  2 '  .   Certain 
special  provisions  and  a  brief  explanation  of  how  the  memory  is 
arranged  are  presented  in  the  following  paragraphs . 

Since  it  is  required  that  the  unit  be  able  to  store  within 
600  u-sec  after  a  given  request,  and  since  the  reading  out  of  a  word 
proceeds  at  no  more  than  one  digit  per  300  |_isec,  it  is  necessary 
to  provide  for  storing  interlaced  between  the  reading  out  of  the 
individual  digits  of  a  word.   The  memory  control  is  a  clock  driven 
device  in  which  a  set  of  10  pulsers  are  triggered  every  60  usee.   Only 
one  pulse  in  the  cycle  changes  the  operation  to  be  done  next  and 
nothing  at  all  happens  if  there  is  no  request  that  anything  be  done. 
By  suitably  interrupting  the  cycle,  one  of  several  operating  states 
may  be  achieved.   These  are: 

1.  Do  nothing, 

2.  Read  out  the  next  digit, 

3.  Write  in  a  word  with  no  other  operation 
at  hand, 

h.     Write  in  a  word  and  remember  to  go  back 
to  the  same  part  of  the  read  cycle 
to  pick  up  the  reading  of  the  word 
currently  in  the  process  of  being  read. 

Any  one  may  be  done  in  one  60  u.sec  period.   In  any  case  of  doubt, 

writing  shall  take  preference  over  reading. 

To  write  in  a  word: 

1„   Gate  the  address  of  the  storage  position 
to  a  buffer  register.   This  address  is  1 
greater  than  the  previous  write  storage 
address . 


-11- 


2.  Apply  +  l/3  to  all  30  columns  of  the 
6k   x  30  matrix . 

3.  Apply  -1-  2l/3  to  the  word  dictated  by  the 
write  address. 

k.      Turn  off  the  +  2l/3  current;  cores  in  the 
word  are  now  all  at  -f  B  remanent . 

5.  Set  the  column  drivers  to  apply  +  1/3  to 
columns  into  which  it  is  desired  to  write 
a   "0",  -  1/3  to  columns  into  which  it  is 
desired  to  write  a  "l". 

6.  Apply  -  2l/3  to  the  selected  word. 

7.  Gate  "buffer  address  to  write  address, 
increased  by  1. 


To  read  a  word: 


1.  Gate  the  read  address  of  the  position  to 
be  read  from  the  read  address  register  to 
the  buffer  register.   This  address  is  one 
greater  than  previous  read  address. 

2.  Set  6  of  the  column  drivers  to  +  l/3,  the 
remainder  at  -  1/3. 

3.  Apply  -f  2l/3  to  the  selected  word.  All 
cores  with  1/3  +  2l/3  =  I  applied  will  be 
sensed  for  their  contents.   This  information 
is  sensed  by  amplifying  these  signals  with 

6  amplifiers  and  amplitude  strobing  the  output, 
the  information  being  temporarily  placed  in  6 
flip-flops.  Then  turn  off  the  -f  21/3. 

ko     When  the  request  to  read  out  a  digit  arrives, 
present  one  of  the  6  stored  bits  to  the  outside 
and  then  afterwards  increase  a  scale  of  six 
counter  which  indicates  whi'ch  of  the  six  is 
to  be  read. 

5.  Repeat  k   until  all  six  digits  are  read  and  then 
repeat  3  to  obtain  the  next  set  of  6  digits  of 
the  word  out  of  the  cores. 
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6.   Repeat  k,    reading  out  all  of  the  new  set 
of  6  digits . 

7-  T)o  k,    5,  and  6  until  all  digits  of  the  word 
have  been  read  out„ 

8.   Gate  buffer  address  to  read  address  register, 
increasing  it  by  one. 


Writing  is  interlaced  with  reading  by  writing  in  one  of 
the  unused  60  u.sec  periods  between  the  reading  out  of  one  digit. 
Since  the  digit  demand  rate  is  never  to  exceed  3000  cycles  per  second, 
several  unused  60  \isec   periods  exist  between  each  readout  of  a  digit. 

The  circuit  details  are  taken  care  of  by  more  or  less 
standard  digital  computer  techniques „   There  is  a  bit  of  variance 
from  Illiac  circuitry  where  much  larger  signals  are  required  than 
the  standard  +0v,  -  37v  flip-flop  voltages  but  these  are  done  with 
an  eye  to  making  circuits  safe  with  +  10$  resistor  variations  and 
■+  5$  power  supply  variations «      The  current  demands  for  driving  the 
cores,  which  is  quite  high  for  short  periods  but  has  a  low  average 
value,  is  taken  care  of  by  using  an  RC  filter  of  long  time  constant 
(connected  to  the  +300V,,  supply)  for  the  supply  voltage  for  most  of 
the  core  drivers .   This  practice  has  resulted  in  somewhat  more 
elaborate  demands  on  the  other  circuitry  and  has  made  it  necessary 
to  add  a  considerable  number  of  tubes  but  the  overall  power 
dissipation  is  somewhat  lower , 
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VII   REPORTS  AND  SEMINARS, 


Seminars 


A  description  of  the  Logical  Design  of  a  Medium  Speed 
Computer  at  the  Central  Laboratory  of  the  Netherlands 
Postal  and  Telecommunications  Services ,  by  Theodore 
Shapin,  Jr.,  February  17,  195^ • 

A  Three-Valued  Logical  Algebra  Which  is  Invariant 
Under  a  Wide  Class  of  Transformations,  by  David  E. 
Muller,  February  2k,    195^- 

Talks 

"Some  Single-Address  Machines"  by  Stanley  Gill,  February  5, 
195^  at  Oak  Ridge  National  Laboratory. 

VIII  CONSTRUCTION.   The  shop  has  completed  the  construction  of 

the  cathode  ray  tube  output  unit  with  its  camera.   Of  course,  detailed 
tests  of  it  still  need  to  be  made  before  it  can  be  put  into  use. 

IX  PERSONNEL „   The  personnel  associated  with  the  group  and  hence 

the  contributors  to  this  report  are: 

Bateman,  Wm.  E. 

Brown,  Mrs .  Caroline 

Carter,  Clifford  E.  (Started  3/1/5^) 

Ehrlich,  George 

Fishel,  Jerome  (l./2  time) 

Gill,  Stanley 

Golub,  Gene  (1/2  time) 

Gregory,  R.  T.  (l/k   time) 

House,  Mrs.  Natalie  R. 

Huffman,  W.  L. 

Jones,  W.  E. 

Kerkering,  T.  E. 

Kudlich,  R.  A.  (RCA  Fellow) 

Lopeman,  H.  E. 

Meagher,  R.  E. 

Michael,  G.  W. 

Miller,  R.  E.  (1/2  time) 

Muerle,  John  (l/2  time) 

Muller,  D.  E. 

Nash,  J.  P. 

Newmark,  N  M.  (Chairman,  Executive  Committee) 
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Ogata,  Albert  I.,  (Student  Assistant) 

Polivka,  R.  P.  (l/2  time) 

Robertson,  J.  E. 

Russell,  Miss  Ramona  J. 

Seinfeld,  Robert  (Student  Assistant) 

Seshu,  Mrs.  Lily  (l/2  time) 

Shapin,  Theodore  Jr. 

Stephens,  Allen 

Taub,  A.  H.  (On  Sabbatical  Leave) 

Wier,  J.  Mo 

Yu,  Hwa-Nien  (l/2  time) 


The  "work  of  the  group  is  under  the  administration  of 
an  Executive  Committee  with  the  following  members;  N.  M.  Newmark, 
Chairman,  Stanley  Gill,  D.  E.  Muller,  J.  P.  Nash,  J.  E.  Robertson, 
A.  H.  Taub  and  R.  E,  Meagher. 


REM/nrh 


UNIVERSITY  OF  ILLINOIS 
GRADUATE  COLLEGE 
DIGITAL  COMPUTER  LABORATORY 


TECHNICAL  PROGRESS  REPORT 

Teaching  and  graduate  research  are 
not,  in  general,  reported  herein. 


March  1,  195^  -  March  31,  195^ 


I   MATHEMATICAL  RESEARCH  AND  CODING.    (This  work  is  supported  in  part 
by  ONR  Task  30). 

Logical  Algebra.  A  paper  on  three- valued  logic  has  been 
sent  off  for  publication. 

Drum  Transfer  Routine.   A  drum  playback  routine  has  been 
prepared  in  which  every  sixth  word  contains  the  ten  terminating  symbols 
required  for  the  following  five  words .  Each  terminating  symbol  is 
designated  as  a  four  bit  number  as  follows: 

0  represents  the  symbol  F, 

1  represents  the  symbol  L, 

2  represents  a  constant, 

3  to  L  represent  S3  to  SL. 

The  routine  is  entered  as  a  closed  subroutine  with  the  left  address 
of  the  standard  entry  containing  the  first  Williams  location.  Williams 
locations  0  and  1  must  contain  the  length  of  the  routine  and  its 
location,  respectively. 

Simple  Code  Testing  Scheme  (SCOT) .   This  scheme,  outlined 
in  the  February  report,  has  been  completed  and  found  to  be  highly  suc- 
cessful.  It  came  into  use  on  March  29>  and  in  the  3-day  period  March 
29-31  six  computer  runs  were  made,  totalling  32  minutes  of  machine  time. 
In  that  time,  35  programs  prepared  by  the  students  of  Mathematics  385 
were  tested.   The  scheme  is  now  available  to  all  machine  users  and 
thought  is  being  given  to  a  more  powerful  program  of  the  same  kind. 
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Oscilloscope  Output.   A  program  is  being  prepared  which 
will  make  it  possible  to  use  print  routines  with  the  oscilloscope  as 
well  as  in  the  usual  way. 

II   LIBRARY  ROUTINES.   During  March  one  program  was  added  to  the 


Illiac  library: 

P10  (133) 


Print  Headings  Interlude .  8  words . 
This  program,  placed  ahead  of  other 
programs,  makes  it  possible  to  print 
column  headings  and  other  material 
needed  only  once.  It  is  then  overwritten. 


Ill   MACHINE  USE.   The  following  list  gives  problem  specifications 
for  new  problems  which  were  tried  in  March.  It  does  not  indicate  how 
the  Illiac  was  used  because  large  amounts  of  machine  time  may  have 
been  consumed  by  problems  with  numbers  less  than  280. 


NUMBER  PROBLEM  SPECIFICATION 

280  Simple  Code  Testing  Scheme 

281  Shock  wave  response 

282  Target  thickness  computation 

283  Quadrimax  factor  rotation 

28^  Space-charge  flow  in  a  parallel 
plane  triode 

285  Stresses  in  pressure  vessels 

286  Matrix  multiplication 

287  Matrix  inversion 

288  Illumination  line  to  plane  (Thesis) 


AFFILIATION 

Computer 

Structural  Research 

Physics 

Psychology 

Elect.  Engineering 

Computer 

Structural  Research 
Structural  Research 
Elect.  Engineering 
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NUMBER 


PROBLEM  SPECIFICATION 


AFFILIATION 


289  Product  moment  correlations, 
variance,  covariance,  etc. 

290  Multiple  correlation  coefficients 

291  Matrix  calculations 

292  Asymptotic  series 

293  Evaluation  of  determinants 


Psychology  and 
Computer- 
Psychology 
Inst.  Comm.  Res. 
Elect.  Engineering 
Agronomy 


Table  I  shows  the  distribution  of  machine  time  for  the 
month  of  March. 


TABLE  I 

Eng.   (8-12) 

Eng.   (all  other  times) 

RAR 

Leapfrog 

Wasted 

USE  OF  COMPUTER  BY  GROUPS 
Demonstrations 
Computer  Group 
Cosmotron 
Physics 
CSL 

Struct .  Res . 
Struct.  Res.   (AF2^99^) 
Psychology- 
Psychology  (AF25726) 
Elect.  Engineering 
Chemistry 
Agriculture 
Indiana  University 
Miscellaneous 
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IV   ERROR  FREQUENCY  AND  ANALYSIS.   The  machine  is  normally  used 
for  "engineering"  and  maintenance  between  8  AM  and  12  N,  and  for  a 
check  of  its  performance  between  5-00  PM  and  5:30  FM  of  each  weekday. 
Since  the  periods  between  8  in  the  morning  and  noon,  together  with 
certain  other  irregular  periods  like  Saturdays  and  Sundays,  are 
devoted  to  a  heterogeneous  group  of  functions,  it  is  more  instructive 
from  an  error  analysis  standpoint  to  look  at  the  periods  between 
noon  and  midnight  of  each  weekday  in  order  to  make  an  observation  of 
the  error  frequency  in  the  machine.   This  is  the  actual  period  when 
the  machine  is  designated  for  use.  With  this  in  mind  a  summary 
table  has  been  prepared  using  the  period  between  noon  and  midnight 
of  each  weekday.   This  table  lists  the  running  time  when  the  machine 
was  operating,  the  amount  of  time  devoted  to  repairs  because  of 
breakdowns,  and  the  number  of  failures  while  the  machine  was  listed 
as  running.  During  the  5 - 00- 5 : 30  period  (when  the  machine  is  checked) 
if  no  errors  are  found,  the  time  is  given  to  the  "running  column". 
Each  failure  was  considered  to  have  terminated  a  running  period  and 
was  followed  by  a  repair  period  in  preparing  this  table.   Since  the 
leapfrog  code  is  our  most  significant  machine  test,  the  length  of 
time  which  it  has  been  used  on  the  machine  is  listed  separately 
together  with  the  number  of  errors  associated  with  that  particular 
code.  This  information  for  the  month  is  presented  as  Table  II. 

It  is  important  to  notice  that  any  interruption  of  machine 
time  that  was  not  planned  for  is  considered  a  failure  in  this  table. 
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In  rare  cases  where  the  failure  is  not  known  until  a  later  time,  it 
is  possible  that  no  repair  period  is  associated  with  the  failure. 
This  overall  system  has  been  adopted  because  it  makes  it  possible 
for  a  machine  user  to  estimate  directly  the  probability  that  the 
machine  will  be  "running"  at  any  instant  of  time  and  the  probability 
of  a  failure  during  any  given  interval  of  running  time. 

Again,  just  as  in  the  previous  month's  report,  the  number 
of  reader  errors  is  very  high.  Although  a  number  of  the  errors  could 
be  defined  precisely  as  reading  a  space  as  an  L  or  reading  a  character 
twice  it  has  not  been  possible  to  say  with  certainty  what  caused  the 
erroneous  readings .   Several  minor  but  important  changes  have  been  made 
to  increase  the  tolerance  range  of  acceptable  reader  performance. 

V   COMMENTS  ON  THE  MACHINE. 

a .  Memory 

Several  errors  have  been  due  to  the  memory  during  the 
month,  but  in  each  case  the  difficulty  was  usually  explained  by  the 
failure  of  a  small  tube.  It  was  not  necessary  to  change  any  cathode 
ray  tube  during  the  month. 

b.  Teletype  Equipment 

All  teletype  printers  have  been  altered  so  that  letter 
characters  can  now  be  printed  from  any  printer  according  to  the  tape 
code  in  the  Illiac  Programming  book  on  page  9-5^ 

c .  New  Input  Logic 

A  new  design  for  the  input  logic  has  been  finished. 
This  new  logic  separates  the  operations  of  reading  from  the  tape  and 
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starting  and  stopping  the  tape.   By  doing  this,  the  braking  time  allowed 
to  stop  the  tape  can  be  increased.  Although  the  circuits  for  this  logic 
have  been  built  they  have  not  been  incorporated  in  the  machine .   The 
drawing  numbers  are  M568  and  M569 . 

d.  Cathode  Ray  Tube  Output 

The  new  cathode  ray  tube  unit  has  been  finished  and 
put  into  operation.  There  is  some  "barrel- shaped"  distortion  in  the 
pattern  recorded  on  the  film.   The  reason  for  this  is  being  investigated. 

e .  Tape  Preparation  Equipment 

The  logical  design  and  the  circuits  for  a  photo- 
electric tape  comparer  have  been  prepared.  The  logical  design  for 
a  photoelectric  reader-high  speed  punch  reperforator  system  has  been 
completed. 

VI   RESEARCH  ON  COMPUTER  COMPONENTS.    (This  work  is  supported  in  part 
by  ONR  Task  2k). 

a.  Magnetic  Drum  Memory 

All  of  the  basic  drum  circuits  have  been  built  and  have 
been  in  a  state  of  test  for  several  months .  As  reported  earlier,  four 
drum  tracks  are  connected  to  the  present  circuits.  A  number  of  "small" 
difficulties  have  been  noted  and  corrected  in  the  past  and  brief  periods 
of  error  free  operation  (10-20  minutes)  have  been  obtained. 

During  this  month  some  additional  improvements  have  been 
made  including:   l)  a  correction  of  a  logical  error  which  permitted  an 
indication  of  address  coincidence  inaccurately  under  some  conditions, 
2)  an  improvement  in  the  address  cathode  follower  connections  in  the 
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Illiac  to  improve  their  transient  response,  3)  a  reduction  in  "main" 
amplifier  gain  in  order  to  help  improve  switching  transients,  and  k) 
a  reduction  of  switching  noise  introduced  in  the  preamplifiers . 

After  these  changes  it  appears  that  it  is  possible  to 
operate  the  drum  on  test  routines  of  "random"  numbers  without  error 
for  indefinite  periods  (5  hours)  without  an  error  in  recording  or 
playback  on  the  four  tracks,  provided  that  selection  is  carried  out 
on  every  l6th  word.   However,  if  the  selection  is  carried  out  on 
every  8th  word,  errors  result  in  about  10-20  minutes.  There  is  evidence 
that  the  errors  which  occur  when  selecting  every  8th  word  can  be  said 
to  be  due  to  one  or  more  of  the  following: 

1.  switching  transients  in  the  circuits, 

2.  magnetic  surface  irregularities, 

3.  pulse  "noise"  which  gets  into  the  amplifiers  but 
should  not  do  so,  and 

k.     differences  from  one  head  to  another. 

A  study  is  now  being  made  of  these  four  items  and  the  Illiac  and  the 

drum  are  used  together  for  this  purpose  about  one  hour  each  day. 

b.  Computer  Transistor  Circuits 

During  the  month  tests  were  made  on  response  times  of 

the  type  102  point-contact  transistors.  The  results  of  these  tests 

were  as  follows: 

1.  The  fall  time  after  cutting  off  the  transistor  does 
not  depend  upon  the  length  of  time  in  saturation. 

2.  The  fall  time  increases  with  load  resistance  for 
constant  emitter  current  and  power  supply  voltage . 
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3.   The  fall  time  increases  with  emitter  current  after 
emitter  saturation  current  has  been  reached. 

k.      In  order  to  minimize  the  fall  time,  with  given  con- 
ditions for  the  saturation  state,  it  is  necessary  to  drive  the  emitter 
more  negative  than  the  zero-emitter  current  intercept  of  the  region 
III  (saturation)  input  characteristic. 

The  design  requirements  for  the  point-contact  transistor 
flip-flop  have  been  worked  out.  A  set  of  parameters  has  been  obtained 
which  satisfy  these  requirements,  and  a  flip-flop  circuit  was  constructed, 

This  circuit  was  tested  for  all  combinations  of  ten  tran- 
sistors, for  each  of  two  sets  of  ten  transistors.  One  transistor  had 
very  low  current-gain,  and  two  had  excessively  small  collector  resist- 
ances. With  the  exception  of  these,  all  combinations  of  transistors 
tested  worked  satisfactorily  in  the  circuit. 

The  design  of  gating  and  read-out  circuits,  and  of  logical 
circuitry  is  now  being  carried  out. 

c.  Design  of  Small  Core  Memory  for  CSL 

The  design  of  this  memory,  including  some  necessary 
changes,  is  now  complete  and  the  drawings  are  being  prepared  and  printed. 
The  cores  for  the  memory  have  been  received.  Some  construction  on  the 
memory,  it  is  hoped,  will  be  started  about  May  1. 

VII   REPORTS  AMD  SEMINARS. 
Seminars 

Logical  Organization  of  Serial  Computers,  by 
J.  E.  Robertson,  March  3,  19  5^  • 
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Some  Problems  in  the  Design  of  Two  Transistor 
Flip-flops  by  R.  A.  Kudlich,  March  10,  195^. 

A  Code  for  Linear  Programming,  by  Leonard  M. 
Isaacson,  March  17,  195^- • 

A  Multiple  Correlation  Analysis  on  the  Illiac  as 
Applied  to  an  Agronomic  Problem,  by  R.  H.  Rust, 
March  2k,    I95I+. 

Direct-Coupled  Flip-flop  Circuit  with  Point  Contact 
Transistors,  by  R.  A.  Kudlich,  March  31/  195^  • 

VIII  CONSTRUCTION 

The  following  construction  work  has  been  carried  out  in  the  shop: 

1.  Two  matrix  amplifier  chassis  (drawing  M55l)  have  been 
built  for  the  drum  memory. 

2.  One  record  amplifier  chassis  (drawing  M550)  has  been 
built  for  the  drum  memory. 

3«   The  camera  for  the  cathode  tube  output  has  been  finished. 

k.      Some  parts  for  two  additional  photoelectric  tape  readers 
have  been  constructed. 

5.  New  photoelectric  reader  control  (drawing  M568)  and 
counter  selection  chassis  (drawing  M569)  have  been  partially  completed. 

IX  PERSONNEL,   The  personnel  associated  with  the  group  and  hence  the 

contributors  to  this  report  are: 

Bateman,  Wm.  E. 
Brown,  Mrs .  Caroline 
Carter,  Clifford  E. 
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Clements,  Virgil  F.  (Starting  k/S/jk) 

Ehrlich,  George 

Fishel,  Jerome  (l/2  time) 

Gill,  Stanley 

Golub,  Gene  (l/2  time) 

Gregory,  R.  T.  (l/k   time) 

House,  Mrs.  Natalie  R.   (Term,  h/9/^k) 

Huffman,  W.  L. 

Jones,  W.  E.   (Term.  5/13/5^) 

Kerkering,  T.  E. 

Kudlich,  R.  A.  (RCA  Fellow) 

Lopeman,  H.  E. 

Meagher,  R.  E. 

Michael,  G.  W. 

Miller,  P.  E.  (1/2  time) 

Muerle,  John  (l/2  time) 

Muller,  D.  E. 

Nash,  J.  P. 

Newmark,  N.  M.   (Chairman,  Executive  Committee) 

Ogata,  Albert  I.  (Student  Assistant) 

Polivka,  R.  P.  (l/2  time) 

Robertson,  J.  E. 

Russell,  Miss  Ramona  J. 

Seinfeld,  Robert  (Student  Assistant) 

Seshu,  Mrs.  Lily  (l/2  time) 

Shapin,  Theodore  Jr. 

Stephens,  Allen 

Taub,  A.  H.   (On  Sabbatical  Leave) 

Wier,  J.  M. 

Yu,  Hwa-Nien  (1/2  time) 


The  work  of  the  group  is  under  the  administration  of  an 
Executive  Committee  with  the  following  members:  N.  M.  Newmark, 
Chairman,  Stanley  Gill,  D.  E  Muller,  J.  P.  Nash,  J.  E.  Robertson, 
A.  H.  Taub  and  R.  E.  Meagher. 
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TECHNICAL  PROGRESS  REPORT 

Teaching  and  graduate  research  are 
not,  in  general,  reported  herein. 


April  1,  195^  -  April  30,  195^ 


I  MATHEMATICAL  RESEARCH  AND  PROGRAMMING,    (This  work  is  supported  in  part 
by  ONR  Task  30). 

Complex  Numbers.  A  floating  decimal  routine  for  complex  numbers 
with  essentially  the  same  order  code  as  library  routine  Al  has  been  pre- 
pared.  It  handles  complex  numbers  which  are  held  in  floating  decimal  form 
in  two  memory  locations.   Three  auxiliary  routines  have  been  prepared  for 
use  with  the  complex  numbers  routine: 

a.  Complex  conjugate, 

b .  Modulus , 

c.  Square  root  (principal  value). 

Solution  of  Algebraic  Equations .   The  complex  numbers  routine 
has  been  used  to  solve  algebraic  equations  with  complex  coefficients. 
The  largest  such  equation  which  has  been  tried  is  a  polynomial  of  the 
50th  degree.   The  solution  required  about  ten  minutes. 

Determinantal  Equation.    |A-\b|  =  0.  A  complete  program  making 
use  of  library  routine  M3  will  solve  the  above  equation  when  A  and  B  are 
symmetric  and  B  is  positive  definite. 

Display  Interpreting  Program.   This  program  will  make  any  print 
routine  useful  as  a  display  routine  for  the  cathode  ray  tube  output.   It 
uses  a  blocking  technique  rather  than  being  interpretive. 

Drum  Transfer  Routines .   The  drum  transfer  routines  described 
last  month  have  been  tested  and  work  properly.  A  second  routine  which 
packs  words  more  efficiently  (but  which  is  slower)  is  now  being  written. 

II  LIBRARY  ROUTINES.   During  April  the  following  two  programs  were  added 

to  the  Illiac  library: 

W2  (13*0  Word  Sorting  According  to  an  Ordering  Relation. 

25  words.   This  program  sorts  consecutive  words 
in  the  memory  by  starting  at  the  top  of  the  list, 
comparing  the  first  two,  and  interchanging  if 
necessary;  then  taking  the  second  and  third  and 
if  these  are  interchanged  going  back  to  the  first 
and  the  new  second,  etc.   Instructions  for 
determining  the  order  of  sorting  are  at  the  end 
of  the  program  and  can  be  conveniently  changed. 
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K2   (135)         Product  Moment  Correlations,  Means ,  Standard 

Deviations ,  Variances  and  Covariances .  Entire 
Program.   The  program  uses  four  parameters: 
sample  size,  number  of  variables,  number  of 
answer  decimals  for  correlation  matrix,  and 
number  of  answer  decimals  for  the  other  results 
(if  desired).   There  is  a  limit  of  38  variables 
but  no  limit  to  the  number  of  observations  <, 

III  AUXILIARY  LIBRARY.   There  are  many  programs  prepared  for  the  Illiac 
which  are  useful  to  persons  other  than  the  programmer,  but  which  are  not 
of  general  enough  interest  to  warrant  their  inclusion  in  the  Illiac  library. 
With  the  aid  of  Illiac  users  an  auxiliary  library  is  being  established  so 
that  programs  of  special  interest  will  be  readily  available  for  reference. 
These  will  be  described  in  the  same  way  as  library  routines  and  Illiac  users 
will  be  able  to  take  advantage  of  work  done  by  others  on  problems  similar  to 
their  own. 

IV  MACHINE  USE,   The  following  list  gives  problem  specifications  for 
new  problems  which  were  tried  in  April.   It  does  not  indicate  how  the 
Illiac  was  used  because  large  amounts  of  machine  time  may  have  been 
consumed  by  problems  with  numbers  less  than  29^- . 

mJMBER    PROBLEM  SPECIFICATION  AFFILIATION 

29^  Epinephrine  experiment  Dairy  Science 

295  Quadrimax  calculation  Psychology 

296  Latent  roots  and  vectors  Psychology 

297  Linear  program  Ag.  Economics 

298  Matrix  inversion  Psychology 

299  Complex  matrix  algebra  Computer 

300  Ionic  species  calculation  Chemistry 

301  Job-knowledge  tests  Psychology 

302  Electron  energies  in  a  simple  Physics 
metal  model 

303  Laplace's  equation  in  cylindrical  Physics 
coordinates 
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NUMBER    PROBLEM  SPECIFICATION  AFFILIATION 


304 

Maximum  likelihood  factor  analysis 

Psychology 

305 

Indices  of  factorial  similarity 

Psychology 

306 

Nonlinear  simultaneous  equations 

Purdue  Univ. 

307 

Roots  of  a  polynomial 

Computer 

308 

Latent  roots  and  vectors 

Univ.  of  N.C 

309 

Rise  time  and  overshoot  of  series 
peaking  circuit 

Elect.  Eng. 

310 

Solution  of  integrals 

Computer 

311 

Irreducible  polynomials  in  the 
field  modulo  29 

Computer 

312 

Solution  of  determinantal  equation 

|a-\b|  =  0. 

Computer 

Tahle  I  shows  the  distribution  of  machine  time  for  the 
month  of  April. 


TABLE  I 


h:m 


Eng.  (8-12)  60:04 

Eng.  (All  other  times  29° 01 

RAR  12 : 57 

Leapfrog  30° 35 

Wasted  :4o 

USE  OF  COMPUTER  BY  GROUPS 

Demonstrations  3 :  58 

Computer  Group  l4:50 

Classes  2:56 

Cosmotron  16 :  11 

Physics  19°  28 

CSL  59:52 

Struct.  Res.  23:51 

Struct.  Res.  (AF  2^994)  33°l8 

Psychology  2:4l 

Psychology  (Af  25726A)  5° 33 

Elect.  Engineering  23:34 

Chemistry  30:l4 

Agriculture  4:33 

Public  Health  (3M902OC3)  3  "49 

Indiana  University  4:10 

Miscellaneous  9°  52 

392:07 
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I    SBROft  FREQUENCY  MW  ANALYSIS,   The  machine  is  normally  used  for 
"engineering"  and  maintenance  "between  8:00  A.M.  and  12:00  N,  and  for 
a  check  of  its  performance  between  5° 00  P.M.  and  5° 30  P.M.  of  each 
weekday.  Since  the  periods  between  8:00  in  the  morning  and  noon, 
together  with  certain  other  irregular  periods  like  Saturdays  and  Sundays, 
are  devoted  to  a  heterogeneous  group  of  functions,  it  is  more  instructive 
from  an  error  analysis  standpoint  to  look  at  the  periods  between  noon 
and  midnight  of  each  weekday  in  order  to  make  an  observation  of  the 
error  frequency  in  the  machine.  This  is  the  actual  period  when  the 
machine  is  designated  for  use.  With  this  in  mind  a  summary  table 
has  been;  prepared  using  the  period  between  noon  and  midnight  of  each 
weekday.  This  table  lists  the  running  time  when  the  machine  was  operating, 
the  amount  of  time  devoted  to  repairs  because  of  breakdowns,  and  the  number 
of  failures  while  the  machine  was  listed  as  running.  During  the  5: 00-5: 30 
period  (when  the  machine  is  checked)  if  no  errors  are  found,  the  time  is 
given  to  the  "running  column."  Each  failure  was  considered  to  have 
terminated  a  running  period  and  was  followed  by  a  repair  period  in  pre- 
paring this  table.  Since  the  leapfrog  code  is  our  most  significant 
machine  test,  the  length  of  time  which  it  has  been  used  on  the  machine 
is  listed  separately  together  with  the  number  of  errors  associated  with 
that  particular  code.  This  information  for  the  month  is  presented  as 
Table  II. 

It  is  important  to  notice  that  any  interruption  of  machine 
time  that  was  not  planned  for  is  considered  a  failure  in  this  table. 
In  rare  cases  where  the  failure  is  not  known  until  a  later  time,  it 
is  possible  that  no  repair  period  is  associated  with  the  failure. 
This  overall  system  has  been  adopted  because  it  makes  it  possible  for 
a  machine  user  to  estimate  directly  the  probability  that  the  machine 
will  be  "running"  at  any  instant  of  time  and  the  probability  of  a 
failure  during  any  given  interval  of  running  time. 
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VI  COMMENTS  W   THE  MACHINE, 
a.  Memory 

During  this  month,  several  failures  occurred  which  were 
associated  with  the  memory  hut  all  of  them  were  associated  with 
tube  failures  in  regeneration  chassis.  No  cathode  ray  tubes  were 
changed  during  the  month.   It  is  now  seldom  necessary  to  adjust  any 
of  the  memory  controls  when  the  machine  is  turned  on  each  morning. 
The  intensity  of  perhaps  two  or  three  tubes  may  be  adjusted  slightly 
once  each  week.  The  read-around  ratio  performance  of  the  machine 
remains  in  excess  of  250  at  all  spots, 
b.  Cathode  Eay  Tube  Output 

Because  no  5"  cathode  ray  tube  was  found  which  had  "both 
good  focus  properties  and  good  deflection  linearities,  the  cathode 
ray  tube  output  unit  was  changed  to  use  a  3KP1  as  the  cathode  ray 
tube  to  he  photographed.  At  the  same  time,  the  lens  was  changed 
to  keep  the  size  of  the  image  on  the  film  approximately  the  same  as 
that  obtained  with  a  5"  tube. 

In  order  to  judge  the  linearity  and  the  precision  of  this 
display  unit,  a  geometrical  pattern  of  straight  lines  has  been  dis- 
played and  photographed  on  35  J*3^  film.  When  this  film  is  projected 
in  a  Reeordak  microfilm  reader  the  following  statements  concerning 
the  display  can  be  made: 

(1)  Straight  lines  are  reproduced  as  curved  lines  (at  the 
edges  of  the  pattern)  such  that  the  sagitta  of  the  arc  is  less  than 
0.3$  of  the  length  of  the  line. 

(2)  Vertical  lines  deviate  from  perpendicularity  with 
respect  to  horizontal  lines  by  less  than  O.65  degree. 

(3)  Linearity  of  deflection  from  one  part  of  the  tube 
face  to  another  is  such  that  for  two  spots  with  digital  coordinates 
(x,y  )  and  (x,y  ),  the  displayed  analogue  coordinates  (X  ,Y  )  and 
(X0,Y  )  are 

fX2+Xl\ 

(X2-X1)  <  0.007^— ^ J   for  any  j±   and  any  y2 

Similarly  for  two  spots  with  digital  coordinates  (x  ,y)  and 
(x_,y),  the  displayed  analogue  coordinates  (X.,Y, )  and  (X  ,Y  )  are 

.  I  (Y2  +  Yl\ 

(Y-Y)<T  0.007   l~2 — Jfor   any  xl   and  X2 
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(h)   The  X  and  Y  deflection  sensitivites  agree  to  with 
0.7  percent. 

(5)  The  extent  of  the  drift  of  the  pattern  with  time 
with  or  without  using  the  scope  is  small  but  unknown. 

The  shutter  originally  built  with  the  camera  failed  and 
has  subsequently  not  been  in  use.  Although  shutter  orders  for  the 
machine  are  still  being  obeyed,  the  present  camera  arrangement  allows 
the  shutter  to  be  open  at  all  times. 

VII  RESEARCH  ON  COMPUTER  COMPONENTS.    (This  work  is  supported  in 
part  by  ONR  Task  2k. ) 

a.  Magnetic  Drum  Memory 

Tests  are  still  being  made  to  determine  the  cause  of  errors 
while  using  the  drum  with  the  Illiac.   These  tests  have  shown  that 
the  errors  are  due  to  one  or  more  of  the  following  items: 

1.  A  limited  signal-noise  ratio  of  the  signal  from  the 
drum  heads  due  in  part  to  flaws  in  the  magnetic  coating  of  the 
drum. 

2.  Switching  transients  introduced  when  the  address  of 
a  drum  operation  is  changed  just  prior  to  reading  a  word. 

3.  Noise  introduced  because  of  inadequate  shielding  in 
some  of  the  drum  head  pick-up  wires  used  in  the  experimental  unit. 

k.   Faulty  operation  of  the  word  counter. 

Recent  tests  have  shown  that  the  signal-noise  ratio  could  be 
very  much  improved  if  the  drum  were  recoated  with  a  thicker  layer  of 
iron  oxide . 

b.  Computer  Transistor  Circuits 

During  this  month,  the  major  effort  of  the  transistor  work 
has  been  concentrated  on  the  design  of  gating  circuitry  and  logic 
circuits  for  use  with  the  flipflop  circuit  designed  previously. 

The  equations  for  both  "and"  and  "or"  circuits  have  been 
worked  out.   The  designs  for  these  two  circuits  differ  only  in  the 
polarity  of  the  junction  transistors  used.   That  is,  for  a  given 
logic  convention,  e.g.  "zeros"  more  positive  than  "ones,"  a  multiple 
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input  circuit  involving  several  pnp  transistors  with  their  emitters 
tied  to  a  common  load  resistor  will  form  an  "or"  circuit,  whereas 
several  npn  transistors  connected  in  the  same  manner  will  form  an 
"and"  circuit. 

This  same  useful  characteristic  is  applicable  also  to  "and 
not"  and  "or  not"  circuits.   Here  a  common  collector  load  resistance 
is  used.   The  design  is  complicated  by  the  change  in  dc  level  from 
input  to  this  collector  load,  necessitating  a  resistance  bleeder  or 
other  means  of  restoring  the  proper  dc  values.   In  addition,  it  is 
necessary  to  allow  for  sufficient  collector  swing,  with  variations 
in  signal  levels,  to  prevent  saturation  of  the  transistor.   The  design 
problem  can  be  very  much  simplified  by  using  a  Zener  diode  to  change 
the  dc  levels  in  the  same  manner  a  gas  voltage-regulator  tube  can  be 
used  in  vacuum  tube  circuitry. 

The  design  of  the  gating  transistor  for  the  flipflop  must 
take  into  account  that  the  flipflop  gating  point  must  be  pulled  below 
the  normal  signal  levels  in  the  logical  circuitry,  so  that  here  again 
a  shift  in  dc  levels  is  required.   This  circuit  has  been  worked  out 
using  a  conventional  bleeder  resistance.   It  will  also  be  considered 
with  the  Zener  "diode  method  of  shifting  dc  level. 

It  is  also  planned  to  study  the  design  of  diode-type  logic 
circuitry.  This  offers  important  advantages  in  simplicity  and  perhaps 
reliability,  but  there  appear  to  be  certain  limitations  on  the  manner 
in  which  such  circuitry  can  be  connected. 

c.  Design  of  a  Small  Magnetic  Core  Memory 

The  small  magnetic  core  memory  designed  as  a  buffer  storage 
system  for  the  Control  Systems  Laboratory  has  been  completed  except 
for  the  final  preparation  of  several  drawings . 

VIII  REPORTS  AM)  SEMINARS. 

Seminars 

Direct- coupled  Flipflip  Circuit  with  Point  Contact 

and  Junction  Transistors,  by  R.  A.  Kudlich,  April  7,  195^- 


-  10  - 


Comments  on  Organization  of  Structural  Mechanics  Problems 
for  Solution  on  the  Illiac,  by  John  Brooks,  April  Ik,    195^< 

The  Maximum  Likelihood  Method  of  Factor  Analysis,  by  Gene 
H.  Golub,  April  28,  1954. 

IX  CONSTRUCTION.   The  shop  has  carried  out  the  following  construction 
work: 

1.  Two  new  photo-electric  tape  reader  units  have  been 
partly  constructed. 

2.  Construction  work  on  the  cathode  ray  tube  output 
unit  was  completed. 

3.  The  machining  of  selector  bars  for  full  Teletype 
keyboards  for  some  of  the  older  Teletype  units 
has  been  started. 

h.   A  new  photo-electric  tape  reader  control  was  built 
according  to  drawing  M-568. 

X  PERSONNEL.   The  personnel  associated  with  the  group  and  hence  the 

contributors  to  this  report  are: 

Bateman,  Wm.  E. 

Brown,  Mrs.  Caroline  (3 /k   time) 

Carter,  Clifford  E. 

Clements,  Virgil  F.  (Started  h/6/^k-) 

Courter,  Mrs.  Helen  (Started  h/2S>/^h) 

Ehrlich,  George 

Fishel,  Jerome  (l/2  time) 

Gill,  Stanley 

Golub,  Gene  (1/2  time) 

Gregory,  R.  T.  (l/k   time) 

Huffman,  W.  L. 

Jones,  W.  E.  (Term.  5/13/5*0 

Kerkering,  T.  E. 

Kudlich.  R.  A.  (RCA  Fellow) 

Lopeman,  H.  E. 

Meagher,  R.  E. 

Michael,  G.  W. 

Miller,  R.  E.  (1/2  time) 

Muerle,  John  (l/2  time) 

Muller,  D.  E. 

Nash,  J.  P. 
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Newmark,  N.  M.  (Chairman,  Executive  Committee) 

Ogata,  Albert  I.  (Student  Assistant) 

Pennell,  Mrs.  Phyllis  (Temporary  and  part-time) 

Polivka,  R.  P.  (l/2  time) 

Robertson,  J.  E. 

Russell,  Miss  Ramona  J. 

Seinfeld,  Robert  (Student  Assistant) 

Seshu,  Mrs.  Lily  (1/2  time) 

Shapin,  Theodore  Jr. 

Stephens,  Allen 

Taub,  A.  H.  (On  Sabbatical  Leave) 

Wier,  J.  M. 

Yu,  Hwa-Nien  (l/2  time) 

The  work  of  the  group  is  under  the  administration  of  an 
Executive  Committee  with  the  following  members:   N.  M.  Newmark, 
Chairman,  Stanley  Gill,  D.  E.  Muller,  J.  P.  Nash,  J.  E.  Robertson, 
A.  H.  Taub,  and  R.  E.  Meagher. 
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DIGITAL  COMPUTER  LABORATORY 


TECHNICAL  PROGRESS  REPORT 

Teaching  and  graduate  research  are 
not,  in  general,  reported  herein. 


May  1,  195^  -  May  31,  195^ 


I.   MATHEMATICAL  RESEARCH  AMD  PROGRAMMING.    (This  work  is  supported 
in  part  by  OKR  Task  30.) 

Solution  of  Algebraic  Equations .   Further  tests  have  been  made 
of  the  program  for  solving  algebraic  equations,  a  polynomial  having  100 
randomly  chosen  complex  roots  being  treated.   The  coefficients  of  this 
polynomial  did  not  define  the  roots  to  sufficient  accuracy  for  deter- 
mination of  all  the  roots.   This  is  evidence  of  a  conditioning  effect 
similar  to  that  occurring  in  the  solution  of  sets  of  simultaneous 
linear  algebraic  equations.   In  other  tests  some  of  the  roots  required 
an  excessive  number  of  iterations  for  their  determination.   This  is 
being  investigated.   The  program  is  being  written  up  for  the  library. 

Boolean  Algebra.   Some  preliminary  studies  have  been  made  of 
the  system  of  Boolean  functions  of  six  variables  preparatory  to  its 
investigation  with  the  computer.   Several  conjectures  have  been  made 
concerning  the  net  of  order  n/k.      They  are:   a)  All  members  of  the  net 
of  order  n/k   have  coordinates  in  the  system  formed  by  the  net  of  order 
n/2  which  are  equal  to  the  same  power  of  2  in  magnitude  or  which  are 
equal  to  zero,  b)  The  number  of  such  points  whose  coordinates  are 

2    or  zero  in  magnitude  is  2   (2  -l)  (2-2)  and  the  number  whose 

3  • 
coordinates  are  2P~3  or  zero  in  magnitude  is  2P  (2P-l)  (2P-2)  (2P-4)  (2P-8) 

31  5! 
These  two  conjectures  are  based  on  the  results  with  p^5.   They  may  be 

checked  in  the  case  p=6  in  the  future.   Such  questions  as  these  are 

of  importance  in  the  theory  of  error  detection. 

Drum  Playback  Routines .   Two  playback  routines  are  now  being 
used  in  testingthe  magnetic  drum.  With  the  present  word  arrangement 
(consecutive  words  approximately  360  degrees  apart  on  the  track)  the 
first  routine  requires  18  seconds  and  the  second  23  seconds  to  play 
back  a  ten-word  block  one  hundred  times .   The  longer  time  here  is 
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caused  by  reading  more  words;  the  second  program  always  uses  a  fixed 
number  of  digits  for  an  address  in  an  order  while  the  first  suppresses 
any  non- significant  zeros  there  may  be.   Because  the  second  program 
is  faster  than  the  first  (by  a  factor  of  about  three)  at  performing 
the  calculations  required  for  playback  it  will  have  an  advantage  when 
consecutive  words  are  stored  h-5   degrees  or  180  degrees  apart. 

Matrix  Manipulations .   Library  program  M3,  the  automatic 
eigenvalue-eigenvector  program^  has  been  made  into  a  closed  routine 
because  of  needs  in  certain  statistical  applications  where  eigen- 
values are  needed  for  an  iterative  procedure.   In  testing  for  sig- 
nificance in  multivariate  analysis  the  ratio  of  two  determinants  is 
found  by  dividing  the  product  of  one  set  of  eigenvalues  by  another. 

Further  investigation  is  being  made  of  better  matrix  inversion 
techniques. 

II.  LIBRARY  ROUTINES.   During  May  the  following  program  was  added 

to  the  Illiac  library. 

M^  (136)     Closed  eigenvalue-eigenvector  program. 
163  words . 

III.  MACHINE  USE.   The  following  list  gives  problem  specifications 
for  new  problems  which  were  tried  in  May.   It  does  not  indicate  how 
the  Illiac  was  used  because  large  amounts  of  machine  time  may  have 
been  consumed  by  problems  with  numbers  less  than  313° 

NUMBER  PROBLEM  SPECIFICATION  AFFILIATION 

313  Antenna  input  impedance  Elect.  Eng. 

3lk  Matrix  multiplication  Psychology 

315  Integration  of  products  Physics 

316  Series  peaking  display  Elect.  Eng. 

317  Tool-chip  temperature  distribution  Mech.  Eng. 

318  Meson  target  geometry  efficiency  Physics 

319  Comparison  of  factor  and  scale  Psychology 
analysis 


-  2  - 


NUMBER  PROBLEM  SPECIFICATION  AFFILIATION 

320  Mechanical  problems  analysis  Psychology 

321  Factor  analysis  (Thesis)  Psychology 

322  Single  degree  of  freedom  system  Struct.  Eng. 
with  damping 

323  Factor  analysis  Psychology 
32^1-  Correlation  matrix  Psychology 

325  Tobacco  demand  study  Agr.  Econ. 

326  Evaluation  of  residues  Computer 

327  Two-mass  shear  beam  Struct.  Eng. 

328  Unit  cost  comparison  Bus.  Econ.  Res, 

329  C0_  in  soil  diffusion  Agronomy 

330  Factor  analysis  Psychology 

Table  I  shows  the  distribution  of  machine  time  for  the  month 


of  May. 


TABLE  I 


H:M 

Eng.  (8-12) 

53:^6 

Eng.  (All  other  times) 

26:58 

RAR 

10:11 

Leapfrog 

29:02 

Wasted 

:32 

USE  OF  COMPUTER  BY  GROUPS 

Demonstrations 

3  =  5^ 

Computer  Group 

22:53 

Classes 

6:12 

Cosmotron 

32:^7 

Physics 

32:^9 

CSL 

k3ik3 

Struct.  Res. 

2k:l6 

Struct.  Res.  (AF  2^99*0 

15:39 

Psychology 

10:55 

Psychology  (AF  25726A) 

9:3^ 

Elect.  Engineering 

8:20 

Chemistry 

1:17 

Agriculture 

7:30 

Public  Health  (3M9020C3) 

9:07 

Indiana  University 

12:57 

Miscellaneous 

if:  51 

372:18 
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IV.  ERROR  FREQUENCY  AMD  ANALYSIS.    The  machine  is  normally  used  for 
"engineering"  and  maintenance  "between  8:00  A.M.  and  12:00  N,  and  for 
a  check  of  its  performance  between  5:00  P.M.  and  5:30  P.M.  of  each 
weekday.   Since  the  periods  between  8:00  in  the  morning  and  noon, 
together  with  certain  other  irregular  periods  like  Saturdays  and 
Sundays,  are  devoted  to  a  heterogeneous  group  of  functions,  it  is 
more  instructive  from  an  error  analysis  standpoint  to  look  at  the 
periods  between  noon  and  midnight  of  each  weekday  in  order  to  make 
an  observation  of  the  error  frequency  in  the  machine.   This  is  the 
actual  period  when  the  machine  is  designated  for  use.  With  this  in 
mind  a  summary  table  has  been  prepared  using  the  period  between  noon 
and  midnight  of  each  weekday.   This  table  lists  the  running  time  when 
the  machine  was  operating,  the  amount  of  time  devoted  to  repairs 
because  of  breakdowns,  and  the  number  of  failures  while  the  machine 
was  listed  as  running.  During  the  5 : 00- 5 : 30  P.M.  period  (when  the 
machine  is  checked)  if  no  errors  are  found,  the  time  is  given  to 
the  "running  column."  Each  failure  was  considered  to  have  terminated 
a  running  period  and  was  followed  by  a  repair  period  in  preparing 
this  table.   Since  the  leapfrog  code  is  our  most  significant  machine 
test,  the  length  of  time  which  it  has  been  used  on  the  machine  is 
listed  separately  together  with  the  number  of  errors  associated  with 
that  particular  code.   This  information  for  the  month  is  presented 
in  Table  II. 

It  is  important  to  notice  that  any  interruption  of  machine 
time  that  was  not  planned  for  is  considered  a  failure  in  this  table. 
In  rare  cases  where  the  failure  is  not  known  until  a  later  time,  it 
is  possible  that  no  repair  period  is  associated  with  the  failure. 
This  overall  system  has  been  adopted  because  it  makes  it  possible 
for  a  machine  user  to  estimate  directly  the  probability  that  the 
machine  will  be  "running"  at  any  instant  of  time  and  the  probability 
of  a  failure  during  any  given  interval  of  running  time. 
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1°   COMMENTS  01  THE  MACHINE. 

Reader  errors .   For  some  time  we  have  had  a  very  large  number 
of  errors  associated  with  the  reading  or  punching  of  tapes .   Indeed,  a 
study  of  the  past  several  months  shows  that  most  of  the  machine  errors 
are  associated  with  the  processes  of  reading  tapes  into  the  machine. 
Since  the  process  of  reading  a  tape  is  also  associated  with  the  operator 
of  the  machine ,  it  is  possible  that  some  of  the  errors,  at  least,  may 
be  associated  with  the  handling  of  the  tapes  while  they  are  being 
inserted  into  the  tape  reader .   It  is  also  possible  that  some  of  the 
errors  may  be  associated  with  incorrect  operation  of  the  operator's 
switches.  For  this  reason,  the  error  analysis  sheets  have  an  added 
column  which  shows  those  cases  in  which  it  is  possible  that  the 
operator  may  be  responsible  for  errors.   It  is  obvious  that  the  error 
may  not  have  been  due  to  the  operator. 

During  the  month,  it  was  found  that  if  the  switch  on  the 
punch  output  for  feeding  out  extra  tape  was  used  while  a  tape  was 
being  read  into  the  machine,  errors  sometimes  occurred.   The  process 
of  changing  the  switch  from  the  "off"  position  to  the  "on"  position 
resulted  in  very  large  transients  in  the  dc  power  lines  in  the  input- 
output  rack  and  these  transients  sometimes  caused  errors  in  the 
reading  circuits.  This  was  repaired  on  May  27  and  the  errors  which 
are  associated  with  this  particular  kind  of  difficulty  should  have 
been  eliminated.   It  should  be  noted  that  it  has  been  a  common  practice 
for  all  individuals  operating  the  machine  to  momentarily  use  this 
switch  on  the  punch  to  obtain  an  extra  length  of  tape  while  a  program 
tape  is  being  read  into  the  machine „ 

Transients  caused  by  using  the  ac  on-off  switch  on  the  punch 
could  also  cause  errors.   Since  this  switch  is  not  used  during  normal 
operation  of  the  computer,  this  difficulty  probably  is  not  responsible 
for  many  errors.   The  difficulty  has  been  eliminated. 

Memory o   No  errors  were  associated  with  the  cathode  ray  tube 
during  the  month  except  those  which  were  associated  with  the  small  tubes 
in  the  regeneration  chassis. 
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VI.   RESEARCH  ON  COMPUTER  COMPONENTS.    (This  work  is  supported  in  part 
by  ONR  Task  2k. ) 

Magnetic  Drum  Memory <■   Extensive  tests  have  "been  carried  out 
during  the  month  using  the  four  tracks  on  the  magnetic  drum  which  are 
currently  available  for  use  with  the  Illiac.   It  was  found  that  one  of 
the  errors  which  had  occurred  previously  was  due  to  a  switching  transient 
which  resulted,  in  some  cases,  in  an  error  immediately  following  the 
change  of  the  address  for  a  drum  order.   It  was  possible  to  reduce 
this  transient  by  putting  a  "bumper"  on  the  excursion  of  the  switched 
voltage  coming  from  the  preamplifiers.   By  this  means,  this  source  of 
error  has  been  eliminated. 

Because  of  the  extensive  periods  over  which  these  drum  tests 
have  been  carried  out,  some  of  the  tubes  in  the  circuits  have  developed 
shorts  and  it  was  necessary  to  spend  some  time  eliminating  the  faulty 
tubes.  Although  the  errors  from  this  source  have  been  very  much  reduced, 
there  are  still  some  cases  when  unexplained  errors  have  occurred .   One 
source  of  error  which  has  been  extensively  investigated  is  the  coating 
on  the  drum  surface.  Because  the  coating  on  the  present  drum  is 
relatively  thin,  it  is  apparently  not  uniform  so  that  even  if  the 
surface  is  uniformly  magnetized  to  saturation  during  a  recording  process  , 
noise  voltages  are  generated  on  playback,  the  amplitudes  of  which  amount 
to  10$  of  an  ordinary  signal.   Because  this  difficulty  can  be  eliminated 
by  a  thicker  coating  on  the  drum  and  because  the  amplitude  of  the  signal 
itself  will  be  increased,  it  is  now  anticipated  that  the  drum  will  be 
recoated  with  a  thicker  layer  of  the  magnetic  material. 

A  hang- up  circuit  has  been  added  which  will  prevent  the 
execution  of  a  drum  order  if  the  word  counter  is  out  of  synchronization. 

Recently  it  has  been  possible  to  read  or  write  from  the  drum 
for  a  number  of  one-hour  periods  without  error  when  tranfers  take  place 
as  often  as  every  eighth  word.  However,  one  recent  run  was  terminated 
by  an  unexplained  error. 
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At  the  present  time  it  appears  that  the  drum  circuits  are 
operating  satisfactorily  except  for  some  occasional  synchronization 
errors  which  have  occurred.   However  it  still  seems  very  important 
to  recoat  the  drum  with  a  thicker  layer  of  material  in  order  to 
improve  the  signal  to  noise  ratio. 

VII.  REPORTS  AED  SEMINARS. 

Seminars . 

"Recent  Progress  in  the  Coiling  Polymer  Chain  Problem," 
"by  Professor  F.  T.  Wall,  May  5,  195*1- . 

"The  Convergence  Rate  of  an  Iterative  Process,"  by  R„  To 
Gregory,  May  12,  195*1-. 

"Solutions  to  the  Helium  Wave  Equation,"  by  Professor 
J.  H.  Bartlett,  May  19,  195*+. 

"High  Speed  Information  Searching  "Using  Electronic 
Digital  Computer  Techniques,"  by  John  L.  Muerle, 
May  26,  195*+. 


"Interpretive  Routines  in  the  llliac  Library," 
presented  at  OHR  Symposium  on  Automatic  Pro- 
gramming, by  D.  E.  Muller,  Washington,  D.C., 
May  1*1-,  195*^ 

"A  High  Speed  Fixed  Magnetic  Memory,"  by  J.  M.  Wier, 
submitted  for  publication  in  Transactions  of 
Professional  Group  on  Electronic  Computers  of 
the  IRE,  May  28,  195*1-. 


VIII.   CONSTRUCT!  OIL 

The  shop  has  carried  out  the  following  design  or  construction 


work: 


1.  A  number  of  laboratory  circuits  have  been  built. 

2.  A  new  cassette  which  will  hold  up  to  100  ft.  of  film 
and  which  is  motor-driven  has  been  designed  for  the 
cathode  ray  tube  output  to  receive  exposed  film. 

3.  The  third  and  fourth  readers  constructed  in  the  shop, 
called  readers  "D"  and  "E"  have  been  finished.   These 
tape  readers  have  a  larger  drive  motor  to  prevent 
stalling  of  the  tape  under  some  conditions  and  certain 
other  improvements  have  been  made. 
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k.   A  circuit  has  been  designed  and  built  to  bench  test  the 
readers  under  conditions  similar  to  those  used  on  the 
Illiac. 

5.  The  machining  of  selector  bars  for  the  Teletype  keyboards 
of  the  Model  19  sets  has  continued. 

6.  Work  has  started  on  making  about  170  sub-chassis  units 
which  will  go  into  the  magnetic  core  memory  for  the 
Control  Systems  Laboratory. 

7.  Two  dc  supply  transient  indicators  were  built  and  in- 
stalled. 

8.  Tests  were  made  on  coating  the  small  magnetic  drum  so 
that  a  successful  job  can  be  anticipated  for  the  main 
drum. 


IX.   PERSONNEL. 

The  personnel  associated  with  the  group  and  hence  the  contributors 

to  this  report  are: 

Bateman,  Wm„  E. 

Brown,  Mrs.  Caroline  (3 A  time) 

Carter,  Clifford  E. 

Clements,  Virgil  F. 

Courter,  Mrs.  Helen 

Ehrlich,  George 

Fishel,  Jerome  (l/2  time) 

Gill,  Stanley 

Golub,  Gene  (l/2  time) 

Gregory,  R.  T.  (l/k   time) 

Hill,  Robert  (Student  Assistant) 

Huffman,  W.  L. 

Kerkering,  T.  E. 

Kudlich,  R.  A.  (RCA  Fellow) 

Lopeman,  H.  E. 

Lobaugh,  Wm.  R.  (Started  May  5,  l/2  time) 

Meagher,  R.  E. 

Metze,  G.  A.  (Will  start  June  l6) 

Michael,  G.  ff. 

Miller,  R.  E.  (l/2  time) 

Muerle,  John  (l/2  time) 

Muroga,  Saburo  (Will  start  June  l6) 

Muller,  D.  E. 

Nash,  J.  P. 

Newmark,  N.  M.  (Chairman,  Exec.  Comm. ) 

Ogata,  Albert  I.  (Student  Assistant) 
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Polivka,  R.  P.  (l/2  time) 

Robertson,  J.  E. 

Russell,  Miss  Ramona  J. 

Seshu,  Mrs.  Lily  (l/2  time) 

Shapin,  Theodore,  Jr.  (CSL) 

Stephens,  Allen 

Taub,  A.  H.  (On  Sabbatical  Leave) 

Wier,  J.  M. 

Yu,  Hwa-Hien  (l/2  time) 

The  -work  of  the  group  is  under  the  administration  of  an 
Executive  Committee  with  the  following  members:  N.  M.  Newmark, 
Chairman,  Stanley  Gill,  D.  E.  Muller,  J.  P.  Nash,  J.  E.  Robertson, 
A.  H.  Taub,  and  R.  E.  Meagher. 


.£, 


R.  E.  Meagher 


REM/hc 


TO:    Executive  Committee,  Digital  Computer  Laboratory 
FROM:  R.  E.  Meagher 
DA1E:  July  20,  195^ 


I  am  enclosing  a  technical  progress  report  for 
the  month  of  June,  195^* 

A  financial  statement  prepared  by  Mr.  George 
Michael  is  attached. 


R.  E.  Meagher  ^ 
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UNIVERSITY  OF  ILLINOIS 
GRADUATE  COLLEGE 
DIGITAL  COMPUTER  LABORATORY 


TECHNICAL  PROGRESS  REPORT 

Teaching  and  graduate  research  are 
not,  in  general,  reported  herein. 


June  1,  195^  -  June  30,  195^ 


I.  MATHEMATICAL  RE SEARCH  AMD  PROGRAMMING.    (This  work  is  supported  in 
part  by  ONR  Task  30.) 

Boolean  Algebra 

A  theory  has  been  developed  for  finding  an  upper  bound  for 
the  number  of  error  correcting  codes  satisfying  a  minimum  distance  criterion. 
This  upper  bound  is  much  lower  than  the  upper  bound  previously  described  by 
Fano  and  which  was  thought  to  be  obtainable  by  suitable  coding,  a  belief  based 
on  a  theorem  of  Shannon's  which  describes  the  capacity  of  a  noisy  channel. 
The  new  upper  bound  has  been  achieved  by  actual  codes  formed  from  poly- 
nomial nets  (see  Internal  Report  k6.) 

Programs  have  been  prepared  for  studying  error  correcting  codes 
having  2  bits.   These  programs  are  now  being  machine  tested. 

Magnetic  Drum  Recording  Routine 

A  recording  routine  for  testing  one  of  the  drum  playback 
routines  mentioned  in  last  month's  report  is  now  being  tested. 

Cathode  Ray  Tube  Output  Program 

A  program  for  converting  punch  output  orders  to  cathode  ray 
tube  display  orders  has  been  completed  and  is  undergoing  various  tests. 

Matrix  Manipulations 

The  present  library  programs  for  finding  eigenvalues  and 
eigenvectors  of  symmetric  matrices  find  all  of  the  roots  and  vectors.  A 
new  program  is  now  being  written  which  will  find  the  roots  and  vectors  in 
order  of  size  of  the  roots.   It  will  permit  handling  larger  matrices. 

Floating  Point  Auxiliary 

An  arctangent  auxiliary  for  Library  Program  Al  is  being 
written. 

II.  LIBRARY  ROUTINES, 

During  June  the  following  program  was  added  to  the  Illiac 
library.   It  was  written  by  R.  A.  Rubenstein  of  the  Physics  Department. 
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K3  (137) 


Least  Squares .  Complete  Program. 
The  program  produces  the  values  required  for 
evaluating  the  coefficients  of  the  least 
squares  polynomial  in  a  form  which  can  be 
used  with  the  simultaneous  equations  library- 
programs  L2  or  L3. 


III.  MACHINE  USE. 

The  following  list  gives  problem  specifications  for  new  problems 
which  were  tried  in  June.   It  does  not  indicate  how  the  Illiac  was  used  be- 
cause large  amounts  of  machine  time  may  have  been  consumed  by  problems  with 
numbers  less  than  331* 


NUMBER  PROBLEM  SPECIFICATION 

331  Second  order  differential  equation 

332  Calculation  of  phi  coefficients 

333  Eleastic  beam-column 

33^  Simultaneous  trigonometric  equations 

335  Surface  conductivity  in  a  semiconductor 

336  Cost  functions  of  retail  store  (Thesis) 

337  Pupil  ratings  of  teachers 

338  Cathode  ray  tube  display 

339  Analysis  of  variance 

3^-0  Analysis  of  classroom  practice 

3^1  Semantic  relations  study  (Thesis) 

3^2  Largest  eigenvalues  of  a  matrix 

1  o  h 

343  Elastic  it  production  in  He. 

3^-  Three -mass  shear  beam 

3^5  Potential  in  electro-chemical  transistor 
model 

3^6  Antenna  impedances 

3^7  Factor  analysis  (Thesis) 

3^8  Rorschach  correlational  analysis 

3^-9  Measurement  of  proficiency 


AFFILIATION 

Structural  Research 

Psychology 

Structural  Research 

Physics 

Physics 

Marketing 

Bur.  Ed.  Research 

Computer 

Bur.  Ed.  Research 

Bur.  Ed.  Research 

Psychology 

Computer 

Physics 

Structural  Research 

Physics 

Electrical  Engineering 

Psychology 

Psychology 

Chanute  AF  Base 
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Table  I  shows  distribution  of  machine  time  for  the  month  of 


June. 


TABLE  I 

Eng.  (8:00-12:00) 

37:48 

Eng.  (Other  Times) 

26 :  54 

R.A.R. 

9:57 

Leapfrog 

47:31 

Wasted 

:48 

Use  of  Computer  by  Groups 

Computer  Group 

12:32 

Classes 

2:51 

Cosmotron 

94:18 

Physics 

81:59 

C  . o .  J-i. 

47:45 

Struct.  Res. 

9:11 

Struct.  Res.  (AF  2499*0 

8:27 

Psychology 

9:53 

Psychology  (25726A) 

12:12 

Elec.  Eng. 

1:19 

Chemistry 

1:04 

Agriculture 

11: 16 

Indiana  University 

9:05 

Miscellaneous 

5:15 

Demons  tr at i  on 

2:47 

432:52 


IV.  ERROR  FREQUENCY  AND  ANALYSIS . 

The  machine  is  normally  used  for  "engineering"  and  maintenance 
between  8:00  A.M.  and  12:00  U,  and  for  a  check  of  its  performance  between 
5:00  P.M.  and  5:30  P.M.  of  each  weekday.   Since  the  periods  between  8:00 
in  the  morning  and  noon,  together  with  certain  irregular  periods  like 
Saturdays  and  Sundays,  are  devoted  to  a  heterogeneous  group  of  functions, 
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it  is  more  instructive  from  an  error  analysis  standpoint  to  look  at  the 
periods  "between  noon  and  4:00  A.M.  of  the  next  day  in  order  to  make  an 
observation  of  the  error  frequency  in  the  machine.   This  is  the  actual 
period  when  the  machine  is  designated  for  use.  With  this  in  mind  a  summary 
table  has  been  prepared  using  the  period  between  noon  and  4:00  A.M.  of  the 
next  day.  This  table  lists  the  running  time  when  the  machine  was  operating, 
the  amount  of  time  devoted  to  repairs  because  of  breakdowns,  and  the  number 
of  failures  while  the  machine  was  listed  as  running.  During  the  5:00-5:30  P.M. 
period  (when  the  machine  is  checked)  if  no  errors  are  found,  the  time  is 
given  to  the  "running  column."  Each  failure  was  considered  to  have  terminated 
a  running  period  and  was  followed  by  a  repair  period  in  preparing  this  table. 
Since  the  leapfrog  code  is  our  most  significant  machine  test,  the  length 
of  time  which  it  has  been  used  on  the  machine  is  listed  separately  together 
with  the  number  of  errors  associated  with  that  particular  code.   This 
information  for  the  month  is  presented  in  Table  II. 

It  is  important  to  notice  that  any  interruption  of  machine  time 
that  was  not  planned  for  is  considered  a  failure  in  this  table.  In  rare 
cases  where  the  failure  is  not  known  until  a  later  time,  it  is  possible 
that  no  repair  period  is  associated  with  the  failure.   This  overall  system 
has  been  adopted  because  it  makes  it  possible  for  a  machine  user  to  estimate 
directly  the  probability  that  the  machine  will  be  "running"  at  any  instant 
of  time  and  the  probability  of  a  failure  during  any  given  interval  of 
running  time. 

It  should  be  noted  that  during  the  month  of  June  the  error  analysis 
covers  a  sixteen- hour  period  for  each  day  instead  of  the  former  twelve-hour 
period.  This  corresponds  to  an  extension  in  running  time  for  the  machine 
of  four  hours  per  day. 

V.  COMMENTS  ON  THE  MACHINE. 

There  were  seven  error-free  days  during  the  month  and  a  total 
of  thirty- three  errors,  indicating  an  error  rate  of  about  one  per  ten 
hours . 

The  keyboard  modifications  for  all  teletype  units  have  been 
completed  and  agree  with  the  code  sheet  shown  in  the  manual  on  programming. 
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VI.  RESEARCH  ON  COMPUTER  COMPONENTS.   (This  work  is  supported  in  part  by 
CNR  Task  24 . ) 

Magnetic  Drum  Memory . 

During  the  month  the  magnetic  drum  has  been  recoated  to 
provide  a  more  uniform  iron  oxide  coating  of  about  0.001 5  in.  This  new 
coating  has  increased  the  signal  size  provided  by  the  heads  by  a  factor 
of  almost  two.  The  signal  to  noise  ratio  of  the  signal  has  been  improved 
by  about  the  same  factor.  As  a  result  of  the  recoating  it  was  necessary 
to  record  again  the  four  control  tracks  which  provide  the  indeces  for 
various  locations  on  the  drum. 

After  the  recoating  and  the  recording  of  the  control  tracks, 
four  information  tracks  were  placed  in  operation.   Three  of  these  tracks 
worked  almost  immediately  without  difficulty  when  the  signal  amplitudes 
as  they  came  from  the  heads  were  adjusted  to  the  proper  levels .  The 
fourth  track  has  not  operated  satisfactorily  because  of  the  head. 

Before  the  drum  was  recoated  the  allowed  tolerances  in  gain 
on  the  pre-amplifiers  were  of  the  order  of  +  10$  during  an  ordinary 
test  run  with  the  drum  test  code.  After  the  recoating  of  the  drum  this 
tolerance  was  broadened  to  about  +  30$  showing  a  considerable  improvement 
in  the  safety  factor. 

Direct-Coupled  Transistor  Circuits. 

A  junction  transistor  "NOT"  circuit  using  a  clamped  Zener 
diode  has  been  built  for  test  purposes.  Various  voltage  levels  which  were 
designed  to  work  with  the  circuit  were  used  as  inputs  to  the  "NOT"  circuit. 
Outputs  were  observed  and  were  found  to  be  well  within  the  calculated  design 
range . 

The  design  of  this  circuit  is  based  on  the  assumption  that  the 
breakdown  voltage  of  the  Zener  diode  is  2,/h   of  the  collector  supply  voltage 
and  a  10$  tolerance  is  allowed  on  the  breakdown  voltage  of  the  diode. 

The  circuit  has  also  been  tested  ac-wise.   The  delay  time  was 
found  in  the  order  of  one  microsecond  having  no  appreciable  delay  intro- 
duced by  the  Zener  diode.   The  circuit  also  works  indiscriminately  before 
or  after  a  gated  flip-flop  circuit  using  point-contact  transistors. 
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A  non-saturated  flip-flop  circuit  has  also  been  built.   Com- 
binations from  13  of  the  1698  point-contact  transistors  were  tested  in 
the  flip-flop  circuit.  Most  of  the  transistors  work  successfully  in 
the  circuit.   The  reasons  why  some  transistors  would  not  work  satisfactorily 
were  determined. 

Presentation  of  Alphanumeri cal  Data  on  the  Cathode  Ray  Tube  Unit. 

At  the  present  time  characters  can  be  displayed  on  the  cathode 
ray  tube  unit  at  the  rate  of  about  *J-5  per  second  using  an  interpretive  routine 
stored  on  the  Williams  memory  to  display  a  character  on  5^7  array  of  spots . 
If  a  suitable  matrix  unit  were  constructed  to  carry  out  this  interpretive 
process  the  presentation  speed  could  be  increased  to  about  1000  characters 
per  second.   This  would  make  it  possible  to  make  the  output  speed  of  the 
machine  quite  comparable  to  the  computational  speed  of  the  machine. 

VIII.  CCOTSTKUCTION. 

The  work  in  the  shop  has  consisted  mainly  of  construction  of 
components  for  the  magnetic  core  memory  for  the  Control  Systems  Laboratory. 
Work  has  been  carried  out  on  the  frame  of  the  unit  as  well  as  on  the  individual 
chassis.  A  list  of  the  chassis  which  are  necessary  together  with  the  status 
of  each  is  given  below  as  Table  III. 


Wired 
Yes 
Yes 
Yes 
Yes 

Partially 
No 
No 
No 


TABLE  III. 

Chassis  Dwg.  No. 

Assembled 

580 

Yes 

582 

Yes 

579 

Yes 

581 

Yes 

576 

Yes 

571 

Yes 

573 

Yes 

565 

Yes 

572 

Not  started 

552 

Not  started 
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TABLE  III(Cont.) 

Chassis  Dwg.  No.  Assembled  Wired 

567  Not  started 

570  No  No 

578  Not  started 

The  shop  made  the  preparations  and  coated  the  magnetic  drum 
unit.  A  number  of  miscellaneous  components  were  built  or  worked  on  by 
the  shop  which  included  the  following:  repairs  on  readers,  film  supply- 
indicator  for  the  cathode  ray  tube  unit,  construction  of  two  hand  punches 
for  correcting  errors  in  teletype  tapes,  and  construction  of  selector 
bars  for  teletype  printers. 

VIII.  PERSONNEL. 

The  personnel  associated  with  the  group  and  hence  the  contributors 

to  this  report  are: 

Bateman,  Wm.  E.,  Jr.  Electronics  Technician 

Brown,  Mrs.  Caroline,  Computer  Teletype  Operator  (3 A  time) 

Carter,  Clifford  E.,  Electronics  Engineer  for  Illiac 

Clements,,  Virgil  F.,  Jr.  Laboratory  Mechanic 

Courter,  Mrs.  Helen,  Clerk-Stenographer  III 

Ehrlich,  George,  Jr.  Engineering  Draftsman 

Fishel,  Jerome,  l/2  time  Research  Assistant 

Gill,  Stanley,  Visiting  Asst.  Prof,  of  Applied  Math,  (through  June  1*0 

Golub,  Gene,  Research  Assistant 

Gregory,  R.  T.,  l/k   time  Research  Assistant 

Hill,  Robert,  Student  Assistant 

Huffman,  W.  L.,  Computer  Operator  for  Illiac 

Kerkering,  T.  E.,  Sr.  Electronics  Technician 

Kudlich,  R.  A.,  RCA  Fellow 

Lobaugh,  Wm.  R.,  Computer  Operator  for  Illiac 

Lopeman,  H.  E„,  Electronics  Engineer  for  Illiac 

Meagher,  R.  E.,  Chief  Engineer 

Metze,  G.  A.  Research  Assistant  (Started  June  l6) 

Michael,  G.  W.,  Administrative  Assistant 

Miller,  R.  E.,  l/2  time  Research  Assistant 

Muerle,  John  L.,  Research  Assistant 

Muroga,  Saburo,  Research  Associate  (Started  June  l6) 

Muller,  D.  E.,  Res.  Asst.  Prof,  of  Applied  Math. 

Nash,  J.  P.,  Res.  Prof,  of  Applied  Math. 

Newmarkj  N.  M.  (Chairman,  Exec.  Comm. ) 

Ogata,  Albert  I.,  Student  Assistant 


"  9  - 


Polivka,  R.  P.,  Research  Assistant 

Robertson,  J.  E.,  Res.  Asst.  Prof,  of  Elec.  Eng. 

Russell,  Miss  Ramona  J.,  Computer  Operator  for  Illiac 

Seshu,  Mrs.  Lily,  3/4  time  Research  Assistant 

Shapin,  Theodore,  Jr.,  (CSL)  Research  Associate 

Spandau,  Kenneth  L.,  Jr.  Electronics  Technician  (Started  June  l) 

Stephens,  Allen,  Asst.  Laboratory  Mechanic 

Taub,  A.  H.,  Research  Prof,  of  Applied  Math.  (On  Sabbatical  Leave) 

Wier,  J.  M.,  Research  Associate 

Yu,  Hwa-lTien,  Research  Assistant 

The  work  of  the  group  is  under  the  administration  of  an 
Hxecutive  Committee  with  the  following  members:  If.  M.  Newmark,  Chairman, 
).  E.  Muller,  Stanley  Gill,  J.  P.  Nash,  J.  E.  Robertson,  A.  I.  Taub,  and 
{.  E.  Meagher. 
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I.  MATHEMATICAL  RESEARCH  AM)  PROGRAMMING.   (This  work  is  supported  in 
part  by  ONR  Task  30.) 

Boolean  Algebra 

A  program  for  locating  6-variable  Boolean  functions  lying 
outside  the  net  of  order  l6  but  satisfying  the  distance  condition  L(h,r1) 
>  16  for  all  r  in  the  net  has  been  run  on  the  Illiac.  A  number  of  such 
functions  h  have  been  found,  and  in  two  cases  a  pair  h, ,  h_  were  found 
such  that  the  distance  condition  was  simultaneously  satisfied,  giving 
L(h,  +  h  ,  r  )  >  l6.  Results  of  a  search  for  functions  h  containing  only 
two  terms  of  fourth  degree  showed  that  none  exist.  A  general  transformation 
has  been  developed  which  makes  it  possible  to  produce  new  functions  h  from 
known  ones. 

An  analytical  proof  has  been  given  of  the  distance  condition  which 
is  satisfied  by  all  of  the  functions  h  which  were  found.  This  proof  permits 
generalization  to  a  large  number  of  cases  in  systems  with  more  variables. 
It  was  also  shown  that  a  function  satisfying  the  distance  condition  in  the 
6-variable  net  of  order  16  has  all  six  variables  and  none  as  a  factor,  and 

that  if  it  has  only  three  terms  it  is  isomorphic  with 

5*1-3   6  k  2        651 
h  =  xx  x  +  x  x  x  +  x  xx 

An  investigation  with  the  Illiac  of  the  characteristic  functions  for  the 
6-variable  net  of  order  l6  verified  the  conjectures  made  in  the  report  of 
June  22nd. 

A  proof  has  been  given  that  the  probability  is  P  that  an  error- 
correcting  code  satisfying  Shannon's  maximum  density  criterion  may  be 
obtained  by  means  of  a  random  selection  process .  The  value  of  P  approaches 
1  as  the  length  of  the  code  approaches  infinity. 

Matrix  Manipulations 

Library  routine  Ml  for  matrix  multiplication  is  being  rewritten 
as  two  separate  routines,  one  open  and  one  closed.  Work  is  being  done  on 
finding  eigenvalues  and  eigenvectors  of  non-symmetric  matrices. 

Magnetic  Drum 

The  drum  testing  routine  has  been  altered  to  permit  recording 
on  1,  2,  k,   or  8  tracks  and  it  is  possible  to  record  any  word  continually 
at  any  location. 
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Some  time  comparisons  have  been  made  with  the  two  existing  play- 
back routines,  a  set  of  ten  words  having  "been  played  back  one  hundred  times 
with  each  routine.  Results  obtained  were  as  follows: 

Words  Stored    Words  Spaced  8     Words  Spaced  l6 
Routine    Consecutively   Locations  Apart     Locations  Apart 

M  19  sec        21  sec  25  sec 

P  23  sec        2k   sec  13  sec 

The  time  between  successive  calls  to  the  playback  order  is  the 
time  required  to  change  the  drum  word  into  order  pairs  for  normal  Illiac 
use.  In  Routine  M  this  time  varies  from  7  milliseconds  to  8.8  milliseconds; 
in  Routine  P  it  varies  from  3»3  milliseconds  to  3-8  milliseconds.  The  time 
actually  available  for  maximum  playback  efficiency  depends  upon  how  words 
are  stored  on  the  drum.  The  time  is  17  milliseconds,  6.5  milliseconds  or 
2.2  milliseconds  for  words  stored  consecutively,  l6  locations  apart,  or  8 
locations  apart,  respectively.   Ideally  the  time  required  by  the  routine 
should  be  less  than  2.2  milliseconds.  It  seems  unlikely  that  it  will  be 
achieved. 

II.  LIBRARY  ROUTINES. 

During  July  the  following  two  programs  were  added  to  the 

Illiac  Library. 

M5  (139)         Solution  of  the  Determinantal  Equation 

lA-KB     =  0.  Complete  Program. 


•The  program  is  for  symmetric  matrices, 
and  B  must  be  positive  definite.  The 
number  of  variables  is  restricted  to  1"J. 
Eigenvalues  and  normalized  eigenvectors 
are  computed. 

Tk   (1^0)         Arctangent  Subroutine .  25  Words . 

This  program  is  a  faster  and  shorter 
version  of  T2. 

III.  MACHINE  USE. 

The  following  list  gives  problem  specifications  for  new  problems 
which  were  tried  in  July,   It  does  not  indicate  how  the  Illiac  was  used  be- 
cause large  amounts  of  machine  time  may  have  been  consumed  by  problems  with 
numbers  less  than  350. 
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NUMBER     PROBLEM  SPECIFICATION 

350  Anxiety  factor  analysis 

351  Error-free  coding 

352  Damage  pressure  levels 

353  Hartree  wave  functions  for  copper 
35^-  Damage  pressure  levels 

355  Thur stone  matrix  study 

356  Estimation  of  communalities 

357  Eigenvalue  differential  equations 

358  Characteristic  6-variable  logical 

function 

359  DC  flipflop  design 

360  Table  of  0pf)   and  02  (1) 

361  Accuracy  of  approximate  damage  pressure 

level 

362  Slab  investigation 

363  Multiple  Correlation 

36k  Mental  health  factor  analysis 

365  Hartree  wave  functions 

366  Simultaneous  equations 

367  Fourth  order  central  force 

368  Single  degree  of  freedom  system  with 

impulse  loading 


AFFILIATION 

Psychology 

Computer 

Structural  Research 

Physics 

Structural  Research 

Psychology 

Psychology 

Physics 

Computer 

CSL 

Physics 

Structural  Research 

Structural  Research 

Sociology 

Inst.  Comm.  Research 

Physics 

Agricultural  Economics 

Physics 

Structural  Research 


Table  I  shows  distribution  of  machine  time  for  the  month  of  July. 

TABLE  I 


Eng.  (8:00-12:00) 

Eng.  (other  times) 

RAR 

Leapfrog 

Wasted 


59:0^ 

31:29 

6:53 

62:32 

:38 
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Use  by  Departments 

Computer  Group 

55:0^ 

Cosmotron 

73:27 

Physics 

62:36 

Control  Systems  Lab. 

k6ikQ 

Structural  Research 

8:13 

St.  Res.  (AF  2^99*0 

33:00 

St.  Res.  (NOBS  622 50 ) 

12:32 

Psychology 

16:50 

Psychology  (AF  25726A) 

22:51 

Elec.  Eng. 

3:53 

Chemistry 

18: 02 

Agriculture 

7:59 

Indiana  University 

6:39 

Chanute  Air  Base 

2:27 

Demonstrations 

1:08 

Miscellaneous 

9: 16 

Total  5^1:21 

IV.  ERROR  FREQUENCY  AND  ANALYSIS. 

The  machine  is  normally  used  for  "engineering"  and  maintenance 
between  8:00  A.M.  and  12:00  N,  and  for  a  check  of  its  performance  between 
5:00  P.M.  and  5:30  P.M.  of  each  weekday.  Since  the  periods  between  8:00 
in  the  morning  and  noon,  together  with  certain  irregular  periods  like 
Saturdays  and  Sundays,  are  devoted  to  a  heterogeneous  group  of  functions, 
it  is  more  instructive  from  an  error  analysis  standpoint  to  look  at  the 
periods  between  noon  and  8:00  A.M.  of  the  next  day  in  order  to  make  an 
observation  of  the  error  frequency  in  the  machine.  This  is  the  actual 
period  when  the  machine  is  designated  for  use.  With  this  in  mind  a  summary 
table  has  been  prepared  using  the  period  between  noon  and  8:00  A.M.  of  the 
next  day.  This  table  lists  the  running  time  when  the  machine  was  operating, 
the  amount  of  time  devoted  to  repairs  because  of  breakdowns,  and  the  number 
of  failures  while  the  machine  was  listed  as  running.  During  the  5:00-5:30  P.M. 
period  (when  the  machine  is  checked)  if  no  errors  are  found,  the  time  is  given 
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to  the  "running  column."  Each  failure  was  considered  to  have  terminated 
a  running  period  and  was  followed  "by  a  repair  period  in  preparing  this 
table.  Since  the  leapfrog  code  is  our  most  significant  machine  test,  the 
length  of  time  which  it  has  been  used  on  the  machine  is  listed  separately- 
together  with  the  number  of  errors  associated  with  that  particular  code. 
This  information  for  the  month  is  presented  in  Tahle  II. 

It  is  important  to  notice  that  any  interruption  of  machine  time 
that  was  not  planned  for  is  considered  a  failure  in  this  tahle.  In  rare 
cases  where  the  failure  is  not  known  until  a  later  time,  it  is  possihle 
that  no  repair  period  is  associated  with  the  failure.  This  overall  system 
has  been  adopted  because  it  makes  it  possihle  for  a  machine  user  to  estimate 
directly  the  prohahility  that  the  machine  will  he  "running"  at  any  instant 
of  time  and  the  prohahility  of  a  failure  during  any  given  interval  of 
running  time. 

It  should  be  noted  that  during  the  month  of  July  the  error  analysis 
covers  a  twenty- hour  period  for  each  day  instead  of  the  former  sixteen-hour 
period.  This  corresponds  to  an  extension  in  running  time  for  the  machine  of 
four  hours  per  day,  and  the  machine  is  now  turned  on  for  the  entire  period 
between  8:00  A.M.  Monday  and  8:00  A.M.  Saturday. 

V.  COMMENTS  ON  THE  MACHINE. 

There  were  three  error-free  days  during  the  month  and  a  total 
of  forty-six  errors,  indicating  an  error  rate  of  about  one  error  for  each  ten 
hours  of  operation.  ' 

A  relatively  large  number  of  memory  errors  occurred,  caused  mostly 
because  of  tube  failures  in  the  address  generator  and  in  chassis  associated 
with  various  memory  positions. 

VI.  RESEARCH  ON  COMPUTER  COMPONENTS.   (This  work  is  supported  in  part  by 
ONR  Task  2*1-.) 

Direct  Coupled  Transistor  Circuits 

A  transistor  shift  register  was  built  and  tested.  Since  only 
a  limited  number  of  junction  transistors  were  on  hand,  the  register  has  only 
two  binary  digits,  and  the  gating  pulses  are  provided  from  a  vacuum  tube  circuit, 
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The  register  has  been  operated  without  error  for  periods  up  to  forty 
minutes.   Considerable  difficulty  has  been  experienced  with  the  power 
supplies  being  used  and  with  heating  of  the  transistors. 

It  is  planned  that  a  fairly  extensive  amount  of  logical  circuitry 
will  be  built  up  when  more  transistors  are  obtained.  The  logical  design  of 
this  circuitry  is  now  under  way. 

Magnetic  Core  Memory 

The  core  tester  for  the  small  memory  being  built  for  the 
Control  Systems  Laboratory  has  been  completed  and  the  testing  of  cores 
has  been  started. 

Magnetic  Drum  Memory 

During  the  month  the  capacity  of  the  experimental  drum  unit 
was  increased  from  four  to  eight  information  tracks  by  installing  four  additional 
preamplifiers  and  a  two-binary-digit  matrix  for  preamplifier  selection.  The 
drum  test  code  was  modified  for  testing  the  eight  track  unit.  The  gains  of 
the  preamplifiers  now  in  service  were  checked  and  found  to  be  within  the  pre- 
scribed tolerance  limits. 

The  head  assemblies  which  were  removed  for  recoating  the  drum  were 
replaced  and  the  head  to  drum  spacing  was  reset  for  each  of  the  21^  heads. 
The  spacing  was  initially  set  to  0.002  inch,   and  was  later  reset  to  0.0015 
inch. 

The  control  track  amplifiers  were  set  to  the  prescribed  gain  and 
input  level  settings.  Noise  pickup  at  the  inputs  of  these  amplifiers  was 
eliminated  by  shielding  the  input  bleeder  resistors. 

The  drum  test  code  ran  without  error  for  ninety  minutes  when  re- 
cording and  reading  occurred  on  all  eight  tracks .  When  recording  and  reading 
from  one  track  only,  however,  intermittent  reading  errors  occurred.  Investigation 
of  these  errors  was  continuing  at  the  end  of  the  month. 

The  control  track  and  test  recording  circuits  were  modified  to  find 
the  overall  frequency  response  for  recording  and  reading  using  the  drum  with 
the  new  coating.  Data  were  taken  for  a  head  for  which  past  data  were  available. 
Readings  were  made  from  3KC  to  160KC  for  head  spacings  of  0.0010,  0.0015,  0.0020, 
and  0.0030  inch.  The  frequency  response  corresponds  very  closely  to  that  found 
in  the  past,  except  that  the  signal  amplitude  has  increased  approximately  15$ 
at  *K)KC. 


VII.    CONSTRUCTION. 

Shop  work  has  consisted  largely  of  design  and  construction  of 
the  chassis  and  frame  for  the  magnetic  core  memory  "being  built  for  the  Control 
Systems  Laboratory.   Table  III  gives  the  status  of  chassis  for  this  memory. 


Chassis  No. 

Dwg.  No. 

Laid 

Out 

Assembled 

Wired 

Checked 

1 

580 

Yes 

Yes 

Yes 

Ready 

1 

582 

Yes 

Yes 

Yes 

Ready 

2-1/2 

579 

Yes 

Yes 

Yes 

No 

1 

581 

Yes 

Yes 

Yes 

Ready 

1 

576 

Yes 

Yes 

Yes 

Ready 

1 

571 

Yes 

Yes 

Yes 

Ready 

1 

573 

Yes 

Yes 

Yes 

Ready 

2-1/3  (3  in  1) 

565 

Yes 

Yes 

Yes 

No 

2/3 

566 

Yes 

Yes 

Yes 

No 

1 

565 

Yes 

Yes 

No 

1 

572 

Yes 

Yes 

Yes 

Ready 

1 

552 

Partly 

No 

1 

567 

Yes 

Yes 

Yes 

No 

1 

570 

Yes 

Yes 

No 

1  (3  in  1) 

578 

Yes 

Yes 

No 

1  (2  in  1) 

578 

Yes 

Yes 

No 

1/2  (2  in  l) 

578 

Yes 

Yes 

Partly 

The  shop  also  worked  on  a  number  of  pieces  of  equipment  as  part  of 
the  routine  maintenance  of  the  Laboratory.  Included  in  these  were  the  follow- 
ing: installation  of  a  new  roller  in  Reader  D;  repair  of  hand  punches;  con- 
struction of  new  tape  hand  winders;  repair  of  clock- type  tape  winders. 

VHI.  PERSONNEL.. 

The  personnel  associated  with  the  group  and  hence  the  contributors 

to  this  report  are: 

Bateman,  Wm.  E.,  Jr.,  Electronics  Technician 

Brown,  Mrs.  Caroline,  Computer  Teletype  Operator  (3A  time) 

Carter,  Clifford  E.,  Electronics  Engineer  for  Illiac 
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Clements,  Virgil  F.,  Jr.  Laboratory  Mechanic 

Courter,  Mrs.  Helen,  Clerk-Stenographer  III 

Ehrlich,  George,  Jr.,  Engineering  Draftsman 

Fishel,  Jerome,  Research  Assistant 

Golub,  Gene,  Research  Assistant 

Gregory,  R.  T. ,  l/k   time  Research  Assistant 

Hill,  Robert,  Student  Assistant 

Huffman,  W.  L.,  Computer  Operator  for  Illiac 

Kerkering,  T.  E.,  Sr.  Electronics  Technician 

Kudlich,  R.  A.,  Research  Assistant 

Lobaugh,  Wm.  R.,  Computer  Operator  for  Illiac 

Lopeman,  H.  E.,  Electronics  Engineer  for  Illiac 

Meagher,  R.  E.,  Chief  Engineer 

Metze,  G.  A.,  Research  Assistant 

Michael,  G.  W.,  Administrative  Assistant 

Miller,  R.  E.,  l/2  time  Research  Assistant 

Muerle,  John  L.,  Research  Assistant 

Muroga,  Saburo,  Research  Assistant 

Muller,  D.  E.,  Res.  Asst.  Prof,  of  Applied  Math. 

Nash,  J.  P.,  Res.  Prof,  of  Applied  Math. 

Newmark,  N.  M. ,  (Chairman,  Exec.  Comm. ) 

Ogata,  Albert  I.,  Student  Assistant 

Plahn,  Henry  W.,  Student  Assistant 

Polivka,  R.  P.,  Research  Assistant 

Robertson,  J.  E.,  Res.  Asst.  Prof,  of  Elec.  Eng. 

Russell,  Miss  Ramona  J.,  Computer  Operator  for  Illiac 

Seshu,  Mrs.  Lily,  3 A  time  Research  Assistant 

Spandau,  Kenneth  L. ,  Jr.  Electronics  Technician 

Stephens,  Allen,  Asst.  Laboratory  Mechanic 

Taub,  A.  H.,  Res.  Prof,  of  Applied  Math.  (On  Sabbatical  Leave) 

Wier,  J.  M. ,  Research  Associate 

Yu,  Hwa-Nien,  Research  Assistant 

The  work  of  the  group  is  under  the  administration  of  an  Executive 
Committee  with  the  following  members:  N.  M.  Newmark,  Chairman,  D.  E.  Muller, 
J.  E.  Robertson,  J.  P.  Nash,  A.  H.  Taub,  and  R.  E.  Meagher. 


J.  P.  Nash 
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I.  MATHEMATICAL  RESEARCH  AND  PROGRAMMING .   (This  work  is  supported  in 
part  by  ONR  Task  30.) 
Boolean  Algebra 

Illiac  programs  have  been  used  for  finding  additional  functions 
h  of  the  type  described  in  the  Technical  Progress  Report  for  July.   A  set 
of  four  such  functions  which  satisfy  the  distance  condition  previously  given 
has  now  been  found.  A  search  indicates  that  it  is  unlikely  that  more  such 
functions  exist. 

Studies  are  being  made  of  error  correcting  codes  in  which  the 
number  of  binary  digits  is  not  a  power  of  two.   Only  partial  results  have 
so  far  been  obtained. 

A  new  method  depending  upon  the  Gray  code  system  has  been  de- 
vised for  finding  elements  of  the  augmented  net  of  order  d  =  8.   This 
method  will  be  used  principally  with  small  values  of  d. 

Lossless  code  systems  in  which  Boolean  members  lie  inside  spheres 
of  radius  R  have  been  studied.  For  this  purpose  a  search  has  been  made  for 
N  which  satisfy        -^   Af\    n 

.E  \ij=2 
1=0  *  *' 

where  n  is  a  positive  integer.  Results  of  the  search  show  that  for  N  be- 
tween 10  and  kO   and  for  R  between  3  and  l6  there  is  no  such  case  except 
the  ones  which  have  been  obtained  by  Golay. 

An  Illiac  program  has  been  devised  to  find  all  types  of  functions 
h  having  minimum  distance  l6  from  the  net.   Thus  far  onl;y  two  types  have 
been  found,  and  the  program  will  be  modified  to  speed  up  the  search. 

Linear  Algebraic  Equations 

Occasionally,  in  order  to  preserve  accuracy,  a  considerable 
amount  of  scaling  of  coefficients  in  linear  equations  is  required.  A 
routine  has  been  written,  using  Stiefel's  method,  for  solving  sets  of 
linear  equations  with  floating  point  arithmetic.   The  program  is  necessarily 
slow  but  is  expected  to  be  particularly  useful  in  problems  where  coefficients 
over  a  wide  range  are  generated  in  the  machine . 

An  investigation  is  also  being  made  of  methods  suitable  for 
solving  large  systems  when  an  auxiliary  magnetic  drum  memory  is  available. 
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II.  LIBRARY  ROUTINES. 

During  August  the  following  four  programs  were  added  to  the  Illiac 

Library. 

X7  (1^2)     Sum  Check.  11  words.   This  is  an  interlude  to 
be  placed  anywhere  in  the  memory.  After  being 
executed  it  compares  the  result  with  a  number 
punched  on  the  input  tape,  returning  control  to 
XI  if  there  is  agreement  and  punching  the  new 
number  and  stopping  if  there  is  none. 

02  (lV3)     Plot  Axes  and  Points  on  the  Cathode  Ray  Tube. 
29  words .   With  this  program  one  can  plot  a 
set  of  axes  having  marker  intervals  and  can 
then  plot  points  relative  to  the  chosen  origin. 

X8  (ihh)  Assemble  Blocks,  h  words .   This  brief  routine 

is  used  with  the  Decimal  Order  Input  (Xl)  for 
assembling  blocks  of  a  program  without  using 
specific  K-directives .  The  first  word  of  the 
first  block  is  given  and  then  reference  is  made 
to  X8  before  each  block.  The  blocks  are  packed 
tightly  and  may  be  referred  to  in  the  program 
by  S-parameters  (beginning  with  S3)  which  are 
automatically  inserted. 

M6  (1^5)     Matrix  Multiplication  (Open)   A  kxj  matrix  B 

is  read  into  the  computer  and  then  an  ixk  matrix 
is  read  one  row  at  a  time  to  form  C  =AxB,  subject 
to  the  limitation  kxj  +  k  «£  936.  The  program 
contains  checks  on  the  scaling  of  the  elements 
of  C  and  on  the  number  of  elements  In  the  rows 
of  A  and  B. 

The  Illiac  Library  has  been  studied  recently  from  the  point  of  view 
of  activity,  and  programs  which  are  used  only  rarely  have  been  placed  in 
the  auxiliary  library.   The  program  tapes  for  these  seldom-used  programs 
will  still  be  as  readily  available  as  ever,  but  the  programs  will  not  be 
listed  among  those  of  the  active  library.   Program  tapes  for  obsolete 
programs  will  be  withdrawn,  as  will  be  the  active  circulation  of  their 
descriptions.  For  example,  Sum  Check  X7  will  replace  Sum  Check  X6  and 
the  latter  will  not  be  listed  in  the  future. 
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III.  MACHINE  USE. 


The  following  list  gives  problem  specifications  for  new  problems 
which  were  tried  in  August.   It  does  not  indicate  how  the  Illiac  was  used 
because  large  amounts  of  machine  time  may  have  been  consumed  by  problems 
with  numbers  less  than  369* 


NUMBER  PROBLEM  SPECIFICATION 

369  Profile  validation  of  personality  inventory 
(Thesis) 

370  Estimation  of  rainfall  sampling  variance 

371  Diffusion  equation  (Thesis) 

372  Fourth  order  central  force 

373  Earthquake  response  of  multi- story  building 
37^-         Factor  analysis 

375  Eigenvalues  and  wave  functions 

376  Single  degree  of  freedom  system  with 
combined  impulses  and  applied  forces 
with  damping 

377  Multi  degree  of  freedom  shear  beam 

378  Energy  of  formation  of  dislocation  in  NaCl 

379  Electron  lattice  interaction  in  a  model 
metal 

380  Fourth  order  tensor  forces 

381  Matrix  computation 

382  Photon  difference  tables 

383  Pressure  vessel  stresses 

38^         Find  pairs  of  error  correcting  codes 

385  Efficiency  of  gamma-ray  counter  (Thesis) 

386  Transient  response  of  circular  cylinder 
loaded  by  simulated  end- on  incidence  of 
a  shock  wave 

387  Find  roots  of  a  function 

388  Evaluate  definite  integrals 

389  Two- stage  sequential  screening 

390  Accuracy  of  an  approximate  method  for 
determining  the  replacement  curve 

391  To  find  error  correcting  codes 

392  Fourth  order  tensor  force 


AFFILIATION 
Psychology 

111.  Water  Survey 

Chemistry 

Physics 

Struct.  Eng. 

Psychology 

Physics 

Struct.  Res. 


Struct.  Res. 

Physics 

Physics 

Physics 
C.S.L. 

Physics 
Computer 
Computer 
Computer 
Struct.  Res. 

Physics 
Physics 
Education 
Struct.  Res. 

Computer 
Physics 
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In  the  eleven-month  period  October  1,  1953  to  August  31,  195*f 
(during  all  of  which  time  the  Illiac  was  in  operation)  192  problem 
specifications  were  received.   The  groups  from  which  these  came,  to- 
gether with  the  number  from  each  group  are  shown  below. 


GROUP 


NUMBER  OF  SPECIFICATIONS 


Psychology  Department  k-0 

Physics  Department  38 

Digital  Computer  Laboratory  3^ 

Structural  Research  Laboratory  26 

College  of  Education  11 

Electrical  Engineering  Department  10 

Agricultural  Economics  Department  k 

Institute  for  Juvenile  Research  5 

Dairy  Science  Department  2 

Agronomy  Department  2 

Mechanical  Engineering  Department  1 

Institute  of  Labor  and  Industrial  Relations  1 

Bureau  of  Economic  Research  1 

Physical  Education  Department  1 

Marketing  Department  1 

Sociology  Department  1 

Illinois  Water  Survey  1 

Astronomy  Dept.  (Indiana  University)  1 

Psychology  Dept.  (Indiana  University)  1 

Mechanical  Engineering  Dept.  (Purdue  University)  2 

Control  Systems  Laboratory  2 

Psychology  Dept.  (University  of  North  Carolina)  1 

Chanute  Air  Force  Base  1 

Chemistry  Department  3 

Institute  of  Communications  Research  2 

The  number  of  problem  specifications  reveals  nothing  about  the 

amount  of  Illiac  time  used.  The  work  of  the  Psychology  Department  consists 

largely  of  problems  in  statistics  and  data  reduction  which  require  relatively 

small  amounts  of  computation  compared  with  the  problems  presented  by  engineers 

and  physical  scientists.  This  is  indicated  by  the  fact  that  of  the  approximately 
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2900  hours  the  Illiac  was  used  for  computation  in  the  eleven-month  period 
only  about  200  hours,  or  about  7$  were  used  by  the  Psychology  Department 
for  its  kO   Problem  Specifications.  On  the  other  hand,  the  Chemistry 
Department  with  only  3  Problem  Specifications  used  about  250  hours,  or 
about  9$  of  the  available  time. 

Table  I  shows  distribution  of  machine  time  for  the  month  of  August. 

TABLE  I 


Eng.  (8:00-12:00) 

58:21 

Eng.  (Other  times) 

82:11 

RAR 

8:52 

Leapfrog 

h5:k6 

Wasted 

:h2 

Use  of  Computer  by  Departments 

Demonstrations 

132 

Computer  Group 

39:30 

Physics 

67:25 

Control  Systems  Laboratory 

36:53 

Structural  Research 

3:31 

Structural  Res.  (AF-2^99^) 

2^:05 

Structural  Res.  (Nobs-62250) 

31:52 

Psychology 

7:27 

Psychology  (AF  25726A) 

9:21 

Elec.  Eng. 

1:08 

Chemistry 

1*3:^6 

Agriculture 

10:27 

Cosmotron 

37:19 

Indiana  University 

2:^3 

Chanute  Air  Base 

4:50 

Miscellaneous 

16:46 

Total 

533:27 

COMMENTS  ON  THE  MACHINE. 

During  the  month,  errors  associated  with  the  memory  constituted 
a  larger  than  normal  amount  of  non-scheduled  maintenance  time.  This  makes 
the  kind  of  error  analysis  sheet  which  has  been  presented  before  of  less 
value  in  indicating  the  performance  of  the  machine  during  the  month.  For 
this  reason  the  error  analysis  sheet  is  not  being  included  this  month. 
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The  trouble  started  with  an  indication  of  memory  errors  which 
occurred  at  isolated  addresses  but  usually  in  the  corners  and  usually  on 
several  cathode  ray  tubes  at  one  time.  While  looking  for  this  particular 
error,  a  serious  fault  occurred  which  is  probably  responsible  for  some  of 
the  later  difficulties.  This  fault  was  observed  as  an  arc  in  the  gun 
structure  in  one  of  the  cathode  ray  tubes.  At  the  same  time,  the  filament 
of  that  cathode  ray  tube  was  burned  out  and  fell  to  the  glass  envelope  and 
the  tube  lost  its  vacuum.  Which  of  these  was  the  original  cause  of  the 
trouble  is  not  known.  As  a  result  of  the  arc  within  this  tube  and  the 
design  of  the  filament  and  cathode  circuits  used  for  the  tubes,  four  other 
tubes  were  damaged  and  were  replaced.  Even  after  this  was  done  a  number 
of  errors  occurred  and  some  of  these  were  believed  to  be  due  to  cathode- 
to-heater  breakdowns  in  some  of  the  output  tubes  of  regeneration  chassis. 
In  order  to  be  sure  that  all  of  these  tubes  were  satisfactory  the  machine 
was  taken  out  of  service  for  a  period  of  about  one  day  during  which  all 
of  the  tubes  in  the  memory  were  checked  and  all  of  the  circuits  in  the 
memory  were  cleaned.  A  number  of  tubes  were  also  found  to  be  bad  in  the 
output  circuits  of  the  address  generator  but  it  is  not  known  whether  or 
not  these  existed  before  the  cathode  ray  tube  arc  or  not.  As  a  result 
of  this  tube  testing  and  cleaning  program  this  particular  error  in  the 
memory  was  eliminated. 

There  were  several  occasions  later  in  the  month  when  a  different 
memory  error  occurred.  This  error  consisted  each  time  of  a  change  of  about 
two  rows  of  the  memory  raster  from  O's  to  l's  on  all  of  the  cathode  ray 
tubes.  When  this  error  first  occurred  it  happened  only  very  occasionally 
which  added  to  the  difficulty  in  finding  it.  By  the  end  of  August,  the 
error  was  not  found. 

A  check  of  Table  I  shows  that  the  unscheduled  maintenance  time 
amounted  to  about  82  hours  for  the  month.  Except  for  the  errors  associated 
with  the  memory  the  number  of  the  errors  amounted  to  about  10  during  the 
month.   Two  of  these  were  associated  with  the  dc  power  supplies. 
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V.  RESEARCH  ON  COMPUTER  COMPONENTS.  (This  work  is  supported  in  part  by 
ONR  Task  2k.) 

Direct  Coupled  Transistor  Circuits 

The  shift  register  mentioned  in  last  month's  report  was  increased 
to  three  bits.  With  a  selected  set  of  transistors,  errdr-less  runs  of  more 
than  two  hours  were  obtained  despite  the  fact  that  two  of  the  junction 
transistors  have  a  very  low  back  resistance  from  base  to  emitter.   However, 
it  was  found  that  an  error  had  been  made  in  the  design  of  the  flip-flop 
circuit.  A  new  circuit  was  designed,  and  has  been  tested  individually.  A 
new  register  is  being  constructed  using  the  modified  flip-flop  circuit. 

A  purely  asynchronous  shift  register  has  been  designed  and  will 
be  built  when  additional  transistors  are  received. 

A  flip-flop  circuit  using  junction  transistors  and  breakdown 
diodes  was  designed  and  tested.   The  junction  transistors  in  the  circuit 
are  not  saturated,  but  delay  in  changing  the  current  through  the  diodes 
results  in  a  triggering  time  of  between  two  and  three  microseconds. 

A  report  for  ONR  on  the  transistor  circuit  work  is  now  being 
prepared. 

Magnetic  Core  Buffer  Memory  for  CSL 

All  of  the  operating  chassis  for  the  buffer  memory  have  been 
built  and  checked  against  drawings.   The  principal  technical  work  carried 
out  during  the  month  was  associated  with  the  circuits  for  and  the  procedure 
for  testing  the  cores.   A  member  of  the  CSL  staff  carried  out  the  final 
test  which  easily  provided  enough  cores  for  the  memory.   It  has  been  decided 
to  put  in  several  extra  memory  columns  in  the  core  matrix  so  that  if  a  broken 
core  or  some  other  difficulty  is  experienced  with  one  of  the  columns,  one  of 
the  spare  columns  can  be  used. 

In  checking  the  cores  for  this  memory  it  was  found  that  quite 
satisfactory  reversible  loops  could  be  obtained  using  less  than  the  normal 
number  of  350  ma  turns  as  originally  planned.   Thus  it  was  found  that  it 
would  be  possible  to  operate  the  cores  at  275  ma  turns  with  no  apparent 
instability  in  the  reversible  magnetic  loop.  The  test  circuits  subjected 
the  core  under  test  to  4095  disturbing  half- amplitude  current  pulses. 
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Magnetic  Drum  Memory 

Late  in  July  it  was  observed  that  use  of  the  drum  test  code 
on  one  track  caused  intermittent  reading  errors.   It  was  found  that  re- 
cording transients  with  all  l's  recorded  produced  a  low  frequency  variation 
of  the  "base  line  as  observed  at  the  output  of  the  playback  amplifier. 
This  base  line  difficulty  was  overcome  temporarily  by  decreasing  the  time 
constant  at  the  output  of  the  last  stage  of  the  playback  amplifier. 

Noise  signals  were  observed  on  several  of  the  tracks.   It  was 
finally  found  that  one  of  the  8l5's  in  a  record  amplifier  had  an  open 
filament,  with  the  result  that  the  selected  8'15  record  tube  was  not  being 
cutoff  during  playback.   Subsequently  the  record  amplifier  design  was 
investigated  and  some  design  changes  made. 

The  last  two  weeks  of  August  were  spent  in  studying  the  effects 
of  record  and  playback  switching  transients  on  the  playback  amplifier. 
The  efforts  to  improve  the  reliability  of  the  drum  storage  system  included 
the  following: 

1)  A  direct  coupled  amplifier  was  installed  in  the  playback 
amplifier. 

2)  A  diode  clamping  circuit  to  clamp  the  baseline  to  a  fixed 
voltage  during  the  second  zero  of  each  word  was  installed.   It  was  found 
that  clamping  of  the  base  line  immediately  following  a  switching  transient 
adversely  affected  the  base  line  during  following  words,  to  the  detriment 
of  the  reliability  of  the  system. 

3)  The  effect  of  shortening  the  time  constant  at  the  input  to 
the  playback  amplifier  was  studied.  Experimentally  it  was  determined  that 
this  time  constant  could  not  be  shortened  to  improve  the  response  of  the 
playback  amplifier  to  switching  transients ,    since  such  shortening  increased 
the  overshoot  of  individual  digit  signals. 

h)   An  RC  network  was  employed  to  decrease  the  rate  of  change 
of  signals  supplied  to  the  primary  matrix.   Voltage  levels  were  set  so 
that  the  output  of  the  preamplifier  to  be  selected  was  positive  before 
the  output  of  the  previously  selected  preamplifier  began  to  go  negative. 
These  changes  reduced  the  size  of  switching  transients  as  seen  after  the 
first  RC  network  of  the  playback  amplifier.   The  gain  tolerance  was  im- 
proved when  these  circuits  were  installed. 
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Because  the  recording  and  playback  heads  for  the  present  drum 
are  not  sufficiently  uniform  it  has  been  decided  that  a  new  set  of  heads 
must  be  obtained  in  order  to  have  satisfactory  use  of  all  the  channels 
on  the  drum.  Considerable  investigation  has  been  made  of  the  possibility 
of  buying  a  new  set  of  heads  for  the  present  drum,  but  it  now  appears 
evident  that  both  a  new  drum  and  a  new  set  of  heads  should  be  purchased. 
The  difficulties  in  mounting  the  new  set  of  heads  on  a  present  drum  are 
such  that  it  appears  undesirable. 

VI.  CONSTRUCTION. 

All  of  the  individual  logical  and  operating  circuits  for  the 
magnetic  core  memory  have  been  finished.   Some  of  the  power  circuits  for 
turning  on  the  ac  and  dc  are  still  under  construction.   The  framework 
for  the  magnetic  core  memory  has  been  nearly  finished  and  should  be 
painted  about  the  third  week  in  September. 

Although  the  major  effort  during  the  month  has  been  on  the 
magnetic  core  memory,  additional  construction  work  has  included  the 
following:   installation  of  telephone  system  between  the  computer  and 
the  drum  test  unit,  the  mounting  of  a  five-unit  Brush  pickup  head  for 
test  on  the  magnetic  drum, repair  of  two  single-digit  hand  tape  punches, 
repairs  to  some  Teletype  parts,  completion  of  new  chassis  for  the  input- 
output  rack  for  the  Illiac,  design  work  on  the  layout  of  a  photoelectric 
tape  comparer,  a  new  main  amplifier  for  the  magnetic  drum  memory  and 
cleaning  and  tube  testing  of  the  Illiac  memory. 

VII.   PERSONNEL. 

The  personnel  associated  with  the  group  and  hence  the  contri- 
butors to  this  report  are: 

Bateman,  Wm.  E.,  Jr.  Electronics  Technician 

Brown,  Mrs.  Caroline,  Computer  Teletype  Operator  (3 A  time) 

Carter,  Clifford  E.,  Electronics  Engineer  for  Illiac 

Clark,  Miss  Helen  B.,  Clerk- Stenographer  III 

Clements,  Virgil  F.,  Jr.  Laboratory  Mechanic 

Cole,  Douglas,  Visiting  Asst.  Prof,  of  E.E   (Sept.  16) 

Douglas,  Alex.  S.,  Visiting  Asst.  Prof,  of  Math.  (Sept.  16) 

Ehrlich,  George,  Jr.,  Engineering  Draftsman 

Parrington,  Carl  C,  l/2  time  Res.  Asst.  (Sept.  20) 

Fetzner,  Mrs.  Muriel,  Computer  Teletype  Operator  (Sept.  20) 

Fishel,  Jerome,  Research  Assistant 

Frank,  Werner,  l/2  time  Res.  Asst.  (Sept  l) 

Golub,  Gene,  Research  Assistant 

Gregory,  R.  T.,  lA  time  Research  Assistant 
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Hill,  Robert,  Student  Assistant 

Huffman,  Wm.  L.,  Computer  Operator  for  Illiac 

Kerkering,  T.E.,  Sr.  Laboratory  Mechanic 

Kudlich,  R.A.,  Research  Assistant 

Lobaugh,  Wm.  R.,  Computer  Operator  for  Illiac, 

Lopeman,  H.E.,  Electronics  Engineer  for  Illiac 

Meagher,  R.  E.,  Chief  Engineer 

Metze,  G.  A.,  Research  Assistant 

Michael,  Geo.  W.,  Administrative  Assistant 

Miller,  R.  E.,  1/2  time  Research  Assistant 

Muerle,  John  L.,  Research  Assistant 

Muller,  D.  E.,  Res.  Asst.  Prof,  of  Applied  Math. 

Muroga,  Saburo,  Research  Assistant 

Nash,  J.  P.,  Res.  Prof,  of  Applied  Math. 

Newmark,  N.  M.,  Chairman,  Exec.  Coram. 

Ogata,  Albert  I.,  Student  Assistant 

Peck,  George  B.,  l/2  time  Research  Asst.  (Sept.  l) 

Polivka,  R.  P.,  Research  Assistant 

Poppelbaum,  W.  J.,  Research  Associate  (Sept.  l6) 

Reynolds,  Donald,  Student  Assistant  (Sept.  l) 

Robertson,  J.E.,  Res.  Asst.  Prof,  of  Elec .  Eng. 

Russell,  Miss  Ramona  J.,  Computer  Operator  for  Illiac 

Schneberger,  Edward  J.,  l/2  time  Res.  Asst.  (Sept.  l) 

Seshu,  Mrs.  Lily,  3A  time  Research  Assistant 

Spandau,  Kenneth  L.,  Jr.  Electronics  Technician 

Stephens,  Allen,  Asst.  Laboratory  Mechanic 

Swire,  B.  E.,  Visitor  (University  of  Sydney,  Australia) 

Taub,  A.  H.,  Res.  Prof,  of  Applied  Math.  (On  Sabbatical  Leave) 

Wenta,  Joseph,  Sr.  Electronics  Technician 

Wier,  J.M. ,  Research  Associate 

Yu,  Hwa-Men,  Research  Assistant 

The  work  of  the  group  is  under  the  administration  of  an  Executive 
Committee  with  the  following  members:   N.  M.  Ne^mark,  Chairman,  D.  E.  Muller, 
J.  E.  Robertson,  J.  P.  Wash,  A.  H.  Taub,  and  R.  E.  Meagher. 


R.  E.  Meagher 

REM/hc 


-10- 


UNIVERSITY  OF  ILLINOIS 
GRADUATE  COLLEGE 
DIGITAL  COMPUTER  LABORATORY 


TECHNICAL  PROGRESS  REPORT 

Teaching  and  graduate  research  are 
not,  in  general,  reported  herein. 


September  1,  195^  -  September  30,  195^ 


I.  MATHEMATICAL  RESEARCH  AND  PROGRAMMING.   (This  work  is  supported  in  part 
by  ONR  Task  30.) 
Boolean  Algebra 

Work  is  continuing  in  the  investigation  of  metric  properties  of 
Boolean  functions  of  6  variables.   The  two  interesting  cases  are  for  distances 
8  and  16,  and  study  of  the  former  one  was  completed  this  month.  The  work 
was  done  relatively  quickly  by  making  use  of  symmetries  exhibited  in  a  new 
theorem  which  will  be  described  in  an  internal  report.  The  results  of  the 
distance  8  study  indicate  that  exactly  three  new  functions  can  be  used  to 
augment  the  net  in  this  case.  These  three  functions  were  predicted  by  a 
generalization  of  the  results  for  distance  16  (see  Internal  Report  No.  57») 

The  methods  which  were  used  so  effectively  in  the  distance  8 
case  will  now  be  used  to  complete  the  distance  16  investigation  although 
they  lose  some  of  their  efficiency  in  this  case.  Computer  programs  are 
now  being  prepared  for  this  purpose. 

Linear  Algebraic  Equations 

Usually  it  is  not  necessary  to  solve  linear  equations  using  the 
Illiac's  forty  binary  digits,  and  up  to  about  fifty-five  equations  can  be 
handled  with  the  elimination  method  if  half- precis ion  numbers  of  twenty 
binary  digits  are  used.   This  problem  is  now  being  studied  and  a  program 
is  being  prepared. 

Matrix  Multiplication 

The  manipulation  of  matrices,  while  not  occupying  a  major  portion 
of  computer  time,  contributes  significantly  to  the  number  of  small  problems 
which  are  handled.  A  new  closed  routine  for  matrix  multiplication  is  being 
checked.   It  contains  most  of  the  features  of  M6,  the  open  routine. 

Sine  and  Cosine 

An  improved  sine-cosine  routine  has  been  developed  which  is 

shorter  and  faster  than  the  old  one  and  which  has  no  restriction  on  the 

0  ® 

argument.   The  argument  is  given  in  the  form  —  by  entering  with  -1<  ^Iljf  <  ■'- 

and  making  use  of  the  modulo  2  Illiac  property  in  shifting  left  to  give 
I  (mod.  2). 
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Floating  Point  Auxiliaries 

The  floating  point  routines  have  been  rounded  out  with  the 
addition  of  an  arctangent  auxiliary  and  by  replacing  the  old  natural 
logarithm  auxiliary  with  a  better  one. 

Drum  Test  Routines 

A  routine  to  test  all  possible  combinations  of  preamplifiers 
with  two  playback  amplifiers  using  all  track  locations  was  prepared.   The 
routine  is  used  to  test  reliability  of  playback  under  various  gain  tolerances 
by  comparing  a  pseudo-random  word  played  back  from  the  drum  with  the  corres- 
ponding word  in  the  Williams  memory.   The  routine  is  arranged  in  eight  parts 
to  allow  the  engineers  considerable  flexibility  in  its  use. 

II.  LIBRARY  ROUTHEES. 

During  September  the  following  five  programs  were  added  to  the  Illiac 
library.  Pll  and  R^  were  prepared  by  Mr.  B.  E.  Swire  of  the  University  of 
Sydney,  Australia. 

C6  (1^-6)  Address  Search.   23  words.   This  routine  replaces 
C2  to  which  it  is  superior  because  words  which 
are  identically  zero  are  skipped  when  address 
zero  is  being  sought. 

03  ( 1^7 )  Display  Numbers  and  Letters  on  the  Cathode  Ray 
Tube.   13  words  plus  one  word  for  each  type  of 
character  to  be  displayed.  This  is  a  closed 
routine  and  one  character  will  be  displayed  (the 
time  required  is  ^0  milliseconds)  each  time  it 
is  entered.  The  character  to  be  displayed  is 
determined  by  the  right-hand  accumulator  address 
upon  entry,  and  the  location  of  the  character 
(lower  left-hand  corner)  is  given  by  the  leftmost 
l6  accumulator  digits.   The  programmer  may  choose 
either  small  (5x7)  characters  or  large  (10  x  1^) 
characters  when  he  reads  in  the  routine,  but  he 
has  no  option  after  reading  it  in. 
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Pll  (1^-8)  Rounded  or  Unrounded  Point.   l8  words .   This 
routine  is  intended  primarily  for  use  in  com- 
putations where  results  are  given  as  an  integer 
part  followed  by  a  decimal  part.   In  such  cases 
no  sign  is  wanted  for  the  decimal  part,  and  round- 
off may  cause  an  error.   The  two  entry  options 
give  A  rounded  to  n  decimals  with  sign  or  A 
to  n  decimals  without  round-off  and  without  sign. 

R5  (1^9)   Reciprocal.   17  words .   This  routine  finds  1/A, 
putting  the  integer  part  in  A  and  location  0  and 
the  fractional  part  in  Q,  and  location  h. 

M10  (153)  Estimation  of  Communalities  by  the  Method  of 
Maximum  Likelihood.  Entire  Program.   This  is 
a  statistical  program  designed  for  estimation 
and  tests  of  significance  in  factor  analysis. 
The  programmer  uses  four  parameters:  sample 
size,  number  of  estimated  factors,  number  of 
variables,  and  number  of  places  to  be  printed. 
He  then  furnishes  the  necessary  chi-square 
values,  his  correlation  matrix  R,  and  an  esti- 
mation of  a  diagonal  matrix  G  related  to  the 
communalities.   The  results  printed  are  the 
latent  roots  (eigenvalues)  of  the  matrix  GRG 
after  the  first  iteration,  the  chi-square 
criterion,  the  communalities  and  the  significant 
factors . 

III.   MACHINE  USE. 

The  following  list  gives  problem  specifications  for  new  problems 
which  were  tried  in  September.   It  does  not  indicate  how  the  Illiac  was  used 
because  large  amounts  of  machine  time  may  have  been  consumed  by  problems  with 
numbers  less  than  393* 
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NUMBER 

393 
394 

395 

396 

397 

398 

399 

400 

401 

402 

403 

4o4 

405 

4o6 

407 

4o8 

409 

4io 

4n 


PROBLEM  SPECIFICATION 

Deuteron  tensor  force 

Sixty-four  digit  error- correcting  codes 
for  distance  8 

Characteristic  expression  of  Boolean 
members 

Product  moment  correlations  (Thesis) 

Single  degree  of  freedom  system 

Range  straggling  of  high-energy  electrons 

Matrix  inversion 

Analysis  of  paired  comparisons 

Determination  of  motivation  structure 

Photon  shower  study 

Study  of  desired  farm  organization 

Matching  of  factors  (Thesis) 

Multiple  correlation 

Factor  analysis 

Farm  budgeting  by  linear  programming 

Floating  point  logarithm  auxiliary 

Cathode  ray  tube  display 

Matrix  multiplication 

Track  length  distribution 


AFFILIATION 

Physics 

Computer 

Computer 

Psychology 

Struct.  Res. 

Physics 

Economics 

Bur.  Ed.  Res. 

Psychology 

Physics 

Ag.  Economics 

Psychology 

Ag.  Economics 

Bur.  Ed.  Res. 

Ag.  Economics 

Computer 

Computer 

Computer 

Physics 


Table  I  shows  distribution  of  machine  time  for  September. 


TABLE  I 

Eng.  (8:00-12:00) 

60:04 

Eng.  (Other  times) 

67:23 

R.A.R. 

6:23 

Leapfrog 

44:10 

Wasted 

:21 
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Use  of  Computer  "by  Departments 


Computer  Group 

5^:00 

Cosmotron 

10:51 

C .  o .  Li. 

71:07 

Physics 

70:36 

Struct.  Res. 

12:56 

Struct.  Res.  (AF  2^99*0 

30:^7 

Struct.  Res.  (Nobs  62250) 

8:03 

Psychology 

7:^8 

Psychology  (AF  25726A) 

9tkl 

Electrical  Engineering 

k:k0 

Chemistry 

18:29 

Agriculture 

23:^7 

Miscellaneous 

6:18 

Demonstrations 

:06 

Total  507:30 

IV.  COMMENTS  (M   THE  MACHINE 

Some  memory  trouble  remained  from  the  previous  month  which  has 
made  the  number  of  service  hours  high  during  the  month.  The  remaining 
memory  difficulty  was  found  to  be  due  to  one  tube  in  the  address  generator. 
Many  of  the  6j6  tubes  in  the  machine  have  been  replaced  with  58*^  tubes . 

V.  RESEARCH  ON  COMPUTER  COMPOflEflTS   (This  work  is  supported  in  part  by 
OUR  Task  2^.) 

Magnetic  Core  Buffer  Memory  for  CSL 

During  the  month  the  power  wiring  for  both  dc  and  ac  has  been 
completed,,   The  wiring  of  the  magnetic  core  matrix  is  progressing  slowly. 
The  cores  have  been  wound  in  one  direction  but  not  in  the  other  direction. 
Test  of  the  circuits  should  start  in  the  next  two  weeks. 
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Magnetic  Drum  Memory 

A  push-pull  direct- coupled  playback  amplifier  was  installed  in 
the  experimental  drum  unit.   Two  new  test  codes  were  put  into  use.   In  one 
of  these  a  random  number  of  words  consisting  entirely  of  ones  is  recorded 
and  then  a  previously  recorded  random  number  is  read  back  and  checked  for 
correctness.   This  is  used  to  produce  record  transients.   In  the  other  code 
a  series  of  random  words  are  read  from  the  drum  in  a  way  such  that  all 
possible  switching  transients  occur.  Using  these  codes  it  is  possible  to 
make  8  tracks  operate  with  a  gain  tolerance  from  low  to  high  for  any  one 
track  of  about  a  factor  of  2.0.  Since  all  tracks  do  not  have  the  same 
signal  amplitude  the  overall  gain  tolerance  is  somewhat  lower.  Plans  have 
been  made  to  connect  up  a  total  of  6^4-  tracks  for  use  with  the  Illiac  Each 
track  will  have  32  words  of  kO   information  digits.  The  20k8   words  will  then 
be  used  on  a  somewhat  experimental  basis  until  another  drum  unit  is  available, 

Direct  Coupled  Transistor  Circuits 

A  report  on  the  work  on  transistor  circuits  has  been  prepared 
and  is  now  being  edited.  Most  of  the  work  during  the  month  has  been 
on  this  report. 

VI.   CONSTRUCTION 

Most  of  the  construction  work  has  been  on  the  magnetic  core  memory 
unit.  The  case  has  been  finished  and  the  ac  and  dc  power  wiring  has  been 
finished.   The  work  which  remains  includes:   painting  and  installing  of  air 
duct  connections,  the  addition  of  a  transformer,  remounting  doors  (which 
were  removed  for  painting),  all  interconnections  and  about  half  of  the  wire 
threading  for  the  core  matrix. 

A  number  of  repairs  and  improvements  were  made  to  the  tape  handling 
equipment. 

New  chassis  for  the  input- output  rack  of  the  Illiac  were  installed 
and  placed  in  operation. 

The  ac  turn- on  for  the  drum  was  constructed  and  wired  and  three 
new  playback  amplifiers  for  the  drum  were  built. 

Work  has  been  started  on  the  parts  for  six  new  tape  readers  for 
tape  handling  purposes. 
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VII.  REPORTS  AND  SEMINARS 


Seminars 


"A  Proposed  Order  Code  for  EDSAC  II,"  by  A.  S.  Douglas, 
September  29,  195^. 

VIII.  PERSONNEL 

The  personnel  associated  with  the  group  and  hence  the  contributors 
to  this  report  are: 

Bateman,  Wm.  E.,  Jr.  Electronics  Technician 

Brown,  Mrs.  Caroline,  Computer  Teletype  Operator  (until  Sept.  20) 

Carter,  Clifford  E.,  Electronics  Engineer  for  Illiac 

Clark,  Miss  Helen  B.,  Clerk- Stenographer  III 

Clements,  Virgil  F.,  Jr.  Laboratory  Mechanic 

Cole,  Douglas,  Visiting  Asst.  Prof,  of  E.  E.  (Sept.  l6) 

Ehrlich,  George,  Jr.,  Engineering  Draftsman  (until  September  20) 

Farrington,  Carl  C,  l/2  time  Res.  Asst.  (Sept.  20) 

Fetzner,  Mrs.  Muriel,  Computer  Teletype  Operator  (Sept.  20) 

Fishel,  Jerome,  l/2  time  Res.  Asst. 

Frank,  Werner,  l/2  time  Res.  Asst. 

Golub,  Gene  H.,  l/2  time  Res.  Asst. 

Gregory,  R.  T.,  1/2  time  Res.  Asst. 

Hill,  Robert  S.,  Student  Assistant 

Huffman,  Wm.  L.,  Computer  Operator  for  Illiac 

Kerkering,  T.E.,  Sr.  Laboratory  Mechanic 

Kudlich,  R.  A.,  Research  Assistant 

Lobaugh,  Wm.  R.,  Computer  Operator  for  Illiac 

Lopeman,  H.E.,  Electronics  Engineer  for  Illiac 

Meagher,  R.  E.,  Chief  Engineer 

Metze,  G.  A.,  Research  Assistant  (until  Sept.  15) 

Michael,  Geo.  W.,  Administrative  Assistant 

Miller,  R.  E.,  1/2  time  Research  Assistant 

Muller,  D.  E.,  Res.  Asst.  Prof,  of  Applied  Math. 

Muroga,  Saburo,  Research  Assistant 

Nash,  J.  P.,  Res.  Prof,  of  Applied  Math. 

Newmark,  N.  M.,  Chairman,  Exec.  Comm. 

Ogata,  Albert  I.,  Student  Assistant 

Peck,  George  B.,  l/2  time  Research  Assistant 

Polivka,  R.  P.,  l/2  time  Research  Assistant 

Poppelbaum,  W.  J.,  Research  Associate  (Sept.  l6) 

Reynolds,  Donald,  Student  Assistant 

Robertson,  J.  E.,  Res.  Asst.  Prof,  of  Elec,  Eng. 

Russell,  Miss  Ramona  J.,  Computer  Operator  for  Illiac 

Schneberger,  Edward  J.,  l/2  time  Res.  Asst. 

Seshu,  Mrs.  Lily,  l/2  time  Res.  Asst. 
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Spandau,  Kenneth  L.,  Jr.  Electronics  Technician 

Stephens,  Allen,  Asst.  Laboratory  Mechanic 

Swire,  B.  E.,  Visitor  (University  of  Sydney,  Australia) 

Taub,  A.  H.,  Res.  Prof,  of  Applied  Math. 
Wenta,  Joseph,  Sr.  Electronics  Technician 
Wier,  J.M.,  Research  Associate  (3A  time) 
Yu,  Hwa-Nien,  l/2  time  Research  Assistant 

The  work  of  the  group  is  under  the  administration  of  an  Executive 
Committee  with  the  following  members:  N.  M.  Newmark,  Chairman,  D.  E.  Muller, 
J.  E.  Robertson,  A.  S.  Douglas,  J.  P.  Hash,  A.  H.  Taub,  and  R.  E.  Meagher. 


ife 


R.  E.  Meagher 
REM/hc 
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UNIVERSITY  OF  ILLINOIS 

GRADUATE  COLLEGE 

DIGITAL  COMPUTER  LABORATORY 


TECHNICAL  PROGRESS  REPORT 
Teaching  and  graduate  research  are 
not,  In  general,  reported  herein. 


October  1,  195^  -  October  31,  195^ 


I.  MATHEMATICAL  RESEARCH  AND  PROGRAMMING.   (This  work  is  supported  in  part  by 
CNR  Task  30.) 

Boolean  Algebra 

Work  has  continued  in  the  investigation  of  the  augmented  net  of  6 
variables  and  distance  l6.  New  programs  which  were  prepared  for  this  investi- 
gation "found"  a  fifth  function  h  which  may  probably  be  used  to  augment  the 
net.  It  was  then  shown  that  no  other  functions  of  this  type  exist.   The  situation 
at  present  is  as  follows: 

a.  Three  functions  are  known  to  exist  which  may  be  used  to  augment 
the  net. 

b.  Two  other  functions  are  thought  to  possess  this  property  and 
programs  are  now  being  run  to  determine  whether  they  do. 

c.  If  these  five  functions  all  possess  the  distance  property  then 
we  know  that  no  others  do. 

A  general  theorem  was  proved  concerning  systems  having  a  given 
distance  property  and  which  are  also  closed  under  the  operation  of  "exclusive 
or."  Such  a  system,  it  was  shown,  can  always  be  generated  from  a  minimum  set 
of  points  having  minimum  distance  from  zero. 

Machine  Interruption  Routine 

A  routine  is  being  prepared  to  make  it  easy  to  interrupt  and  resume 
computations.  The  programmer  will  specify  the  necessary  memory  locations  to  be 
printed  out  and  these  will  be  reset  into  the  program  when  it  is  read  in  again. 
The  program  will  then  resume  where  it  had  left  off. 
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Matrix  Inversion 

The  present  library  routine  for  matrix  inversion  will  handle  only 

symmetric  matrices  and  users  wishing  to  invert  a  non-symmetric  matrix  A  must 

T  -1    -1  T 

form  C  =  A  A,  invert  C,  and  then  form  A   =  C  A  .   This  is  awkward  and  slow, 

so  a  method  following  the  Gauss  elimination  method  is  being  studied. 

Survey  of  Library  Koutines 

A  proper  study  of  techniques  for  drum  storage  use  requires  a 
knowledge  of  characteristics  of  library  routines.  An  analysis  routine  has 
been  prepared  which  determines  the  following  things  for  each  library  routine 
using  the  Decimal  Order  Input:  total  number  of  words;  total  number  of 
terminating  symbols  F,  L,  S,  N;  number  of  addresses  exceeding  6k;   number  of 
addresses  exceeding  128;  total  number  of  symbols  read  by  the  reader;  number 
of  pre-set  parameters;  number  of  order  types.  All  but  six  library  routines 
have  been  counted  and  results  are  now  being  tabulated. 

II.  ILLIAC  LIBRARY. 

The  program  library  is  being  watched  for  activity,  with  little-used 
programs  being  placed  in  the  auxiliary  library.   The  most  recent  active  list  contains 
78  programs,  and  there  are  about  75  others  which  are  in  the  auxiliary  library 
or  which  have  become  obsolete. 

III.  MACHINE  USE. 

The  following  list  gives  problem  specifications  for  new  problems 
which  were  tried  in  October.   It  does  not  indicate  how  the  Illiac  was  used 
because  large  amount  of  machine  time  may  have  been  consumed  by  problems  with 
numbers  less"  than  4 12. 
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NUMBER 


PROBLEM  SPECIFICATION 


AFFILIATION 


1*12 
413 
klk 

415 
4i6 

4i8 

4  19 
420 
421 
422 
423 

424 

425 
426 

427 

428 
429 

430 
431 
432 


Error- correcting  code  search 

Simultaneous  equations  to  half  precision 

Solution  of  Poisson-Boltzmann  equations 

Job- information  tests 

Transient  response  of  circular  cylinder 
to  an  end- on  shock  wave 

Estimation  of  environmental  effects 
upon  milk  production 

Electron  accelerator  and  buncher 
spectrum  curves 

Balance  problems  similarity  analysis 

Farm  income  regression  analysis 

Profit  maximization  of  dairy  plant 

Correlates  of  teacher-pupil  perceptions 

Three  degree  of  freedom  system  with 
complex  coupling 

Efficiency  of  multiple  random  start 
systematic  sampling 

Boolean  characteristic  expressions 

Maximum  response  of  a  single  degree 
of  freedom  system 

Information  estimates  for  structural 
parameters 

Job  knowledge  pattern  analysis 

Analysis  of  business  fluctuations 

Anxiety  and  problem  solving 

Damage  pressure  level  for  simple  structures 

Solution  of  A-\B  =  0  (Thesis) 


Computer 

Computer 

Phy s .  C  hemi  s  t ry 

Psychology 

Struct.  Res. 

Dairy  Science 

Elec.  Eng. 

Psychology 
Agr.  Econ. 
Agr.  Econ. 
Bur.  Ed.  Res. 
Struct.  Res. 

Computer 

Computer 
Struct.  Res. 

Agr.  Econ. 

Psychology 
Economics 
Bur.  Ed.  Res. 
Struct.  Res. 
Struct.  Res. 
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Table  I  shows  distribution  of  machine  time  for  October. 


TABLE  I 

Eng.  (8:00-12:00) 

^7:06 

Eng.  (Other  Times) 

12:50 

R.A.R. 

7:12 

Leapfrog 

52:02 

Wasted 

:18 

Use 

by  Departments 

Computer  Group 

66:27 

Classes 

1:40 

Physics 

31:04" 

\j  .  D  .  J_i . 

56:32 

Struct.  Res. 

23:45 

Struct.  Res.  (AF  24994) 

61:36 

Struct.  Res.  (Nobs  622 50 ) 

37^3 

Psychology 

10:49 

Psychology  (AF  25726A.) 

19:12 

Elec.  Eng. 

5:07 

Chemistry 

33:13 

Agriculture 

l8:4l 

Cosmotron 

10:15 

Demons  tr at  i  ons 

6:13 

Miscellaneous 

8:30 

TOTAL 


510:15 
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IV.  RESEARCH  ON  COMPUTER  COMPONENTS.   (This  work  is  supported  in  part  by 
ONR  Task  2k.) 

Magnetic  Core  Buffer  Memory  for  C.S.L. 

The  magnetic  core  memory  has  been  under  test  during  this  month. 
It  has  not  had  the  core  matrix  inserted  but  by  suitably  faking  input  signals 
and  stopping  the  pulser  chain  it  is  possible  to  go  through  all  of  the  steps 
necessary  to  reading  and  writing  without  the  matrix.  This  was  done  in  a  dc 
manner.  One  logical  error  was  discovered  which  required  no  tubes  to  repair. 
In  addition  it  was  found  that  there  is  a  too-long  cathode  follower  chain  which 
results  in  the  excessive  attenuation  of  a  gate  signal  to  the  point  where  it 
will  not  operate  the  gate  circuits.  This  seems  fairly  simple  to  repair.  The 
sequencing  of  the  operations  themselves  operates  as  planned.  The  core  matrix 
is  wired  and  is  soon  to  be  inserted  into  the  unit. 

Magnetic  Drum  Memory 

Most  of  the  work  for  the  magnetic  drum  memory  was  directed  toward 

putting  into  operation  6k   tracks  of  32  words  each,  amounting  to  a  total  of  20^8 

words.  Most  of  the  work  has  been  finished  except  for  testing  and  adjustments. 

The  following  table  summarizes  the  status  of  the  component  parts  which  are 

necessary  for  the  20^8  word  memory  but  which  have  not  been  used  in  previous 

operations  of  the  drum. 

Chassis  Construction  Fil.  Wiring  DC  Wiring  Signal  Wiring  Testing 

6  Preamp  chassis       0  3  3  2  1 

1  5  Digit  matrix      3  3  3  3  2 

Matrix  Amplifier      3  3         3         3  2 

Inverter  chassis  and   3  3  3  3  2 

switching  smoothing 

circuits 

1  -  Yet  to  be  done 

0  -  Complete  before  Oct.  1 

2  -  Worked  on,  but  not  completed  by  Nov.  1 

3  -  Completed  by  Nov.  1 
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After  visiting  Engineering  Research  Associates  and  comparing  their 
drum  with  that  of  the  W.  S.  Macdonald  Company  and  that  of  Librascope,  Inc., 
it  has  "been  decided  that  the  Engineering  Research  Associates  drum  appears  to 
he  most  suitable  for  our  needs.  An  ERA  read- record  head  has  been  tested  with 
our  circuits. 

It  was  found  that  at  a  spacing  of  2  mils  the  response  at  40  kc  was 
32  mv,  at  80  fee  it  was  26  mv,  and  the  ratio  of  peak  response  to  lowest  response 
from  3  kc  to  80  kc  was  1.27-  For  1.5  mil  spacing  the  response  at  KO   kc  was 
45  mv  whereas  that  at  80  kc  was  ^1.5  tnv.   The  ratio  of  peak  to  lowest  response 
at  1.5  mils  from  3  kc  to  80  kc  was  1.12.   These  values  indicate  that  for  the 
present  circuits  a  spacing  of  1.5  mils  is  necessary  to  operate  with  the  same 
gain  values.   There  were  indications  that  the  surface  of  the  drum  was  not  being 
completely  saturated  but  it  is  believed  this  will  not  occur  for  a  drum  with 
the  red-oxide  magnetic  coating  as  this  type  coating  is  believed  to  require  less 
flux  for  saturation.  The  tests  of  the  head  with  the  drum  circuits  gave  a 
gain  tolerance  reading  of  nearly  2.   This  is  approximately  the  same  as  found 
for  the  other  heads  so  this  does  not  seem  to  introduce  any  new  difficulties. 

Direct-Coupled  Transistor  Circuits 

The  program  in  October  had  two  principal  goals:  the  design  of  a 
certain  number  of  test  instruments  and  a  systematic  study  of  the  existing  or 
possible  transistor  flip-flops. 

The  construction  of  the  following  instruments  is  now  under  way:   an 
output  characteristic  tracer  for  point-contact  transistor  circuits  which  per- 
mits direct  determination  of  the  usefulness  of  a  given  unit  in  a  given  circuit, 
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a  combination  instrument  which  measures  a,  r  ,  r,  ,  and  r  ,  a  rack  which  will 

7     e   D       c 

allow  us  to  age  60  transistors  for  several  hundred  hours  under  closely  con- 
trolled temperature  conditions  and  which  permits  testing  them  without  removal 
from  the  rack., 

As  regards  the  flip-flop  circuits  we  have,  for  the  moment,  ruled  out 
the  existing  junction- transistor  devices  of  the  Eccles- Jordan  type  (because 
of  their  slowness)  and  the  point-contact  circuits  (because  of  their  poor 
reliability).  A  new  circuit  was  designed,  using  a  npn  and  a  pnp  unit  having 
a  common  emitter  resistor  and  a  common  base  connection.  A  non- saturating 
amplifier  is  connected  between  the  emitter  and  base  leads.   The  circuit  is 
given  in  the  adjoining  figure  and  operates  as  follows: 
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When  the  common  base  lead  is  positive  with  respect  to  ground,  the 
left  hand  unit  conducts  and  P  follows  the  potential  of  Q.  Now  the  potential 
of  Q  is  a  multiple  of  that  of  P  (without  phase  inversion)  and  the  "race"  be- 
tween the  two  voltages  ends  only  when  the  limit  set  by  diode  D,  is  attained. 
Then  the  diode  draws  a  heavy  current  through  r  and  the  voltage  difference 
between  P  and  Q  is  only  the-nearly  constant-emitter  drop. 

The  same  reasoning  applies  to  a  negative  excursion  of  the  base, 
limited  this  time  by  Dp.  As  this  flip-flop  uses  only  emitter  followers 
(non-saturating  by  their  nature)  and  a  linear  amplifier  with  limited  input 
swing,  there  can  be  no  saturation  and  consequently  no  switching  delay  by 
electron—or  hole — storage  effect. 

In  practice  this  circuit  proved  to  be  as  fast  as  point- contact  devices 
without  exhibiting  their  unreliability]   it  can  be  used  with  a  wide  range  of 
junction  transistors.   The  switching  time  for  trigger  pulses  having  the 
amplitude  of  the  output  signal  is  less  than  1  \is.     The  dc-amplifier  used  in 
the  circuit  is  given  in  the  figure  below: 


-vv 


-V 


10 


-vVW- 


-ww- 


ToQ 


V. 
10 
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The  use  of  two  parallel  units  (one  pnp,  the  other  npn)  has  the  advantage 
that  the  voltage  divider  between  the  two  collectors  gives  zero  voltage  at  Q  for 
grounded  input  without  reducing  the  voltage  swing  of  the  amplified  signal.  Further- 
more the  temperature  change  of  the  bias  currents  produces  no  drift. 

We  are  adapting  gating  circuits  to  the  above  device  which  will  give  a 
"floating  output"  as  long  as  no  "gate"  signal  is  present.  It  is  hoped  that 
in  the  near  future  a  double-shift  register  using  the  new  circuits  will  be  in 
operation. 

V.  CONSTRUCTION 

The  work  on  the  magnetic  core  memory  unit  by  the  shop  has  been  com- 
pleted. Six  new  paper- tape  readers  are  in  the  process  of  construction  as 
reported  last  month.  Approximately  fifteen  more  parts  for  each  of  the  new 
readers  has  been  completed.  A  film  cassette  to  be  used  with  the  cathode  ray 
tube  camera  which  will  hold  about  one  hundred  feet  of  film  and  have  facilities 
for  automatic  winding  and  for  cutting  off  the  film  is  nearly  completed.  Smaller 
amounts  of  work  were  carried  out  on  additional  test  facilities  for  the  tape 
readers,  three  chassis  for  the  tape  comparer  unit  which  is  to  be  built,  three 
chassis  for  transistor  test  circuits,  repairs  and  servicing  to  the  Teletype 
equipment,  and  rearrangement  of  the  storage  space  in  both  the  storeroom  and 
the  basement. 

VI.  REPORTS  AND  SEMINARS. 

Reports 

"A  Bound  on  Error  in  General  Quadrature  Formula  with  Equidistant 
Ordinates,"  Report  No.  59,  October  20,  195^,  Robert  T.  Gregory 
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Seminars 


"Library  Subroutines  on  the  Drum, "  October  6,  195^> 
Raymond  P.  Polivka 

"Use  of  the  UNIVAC  in  Linear  Programming,"  October  13,  195^ 
Werner  D.  Kahn 

"Algebraic  Methods  for  Constructing  Error  Correcting 
Encoding  Systems,"  October  20,  195^,  David  E.  Muller 
and  Saburo  Muroga 


VII.   PERSONNEL. 

The  personnel  associated  with  the  group  and  hence  the  contributors 

to  this  report  are: 

Bateman,  Wm.  E.,  Jr.  Electronics  Technician 
Carter,  Clifford  E.,  Electronics  Engineer  for  Illiac 
Clark,  Miss  Helen  B.,  Clerk- Stenographer  III 
Clements,  Virgil  F. ,  Jr.  Laboratory  Mechanic 
Cole,  Douglas,  Visiting  Asst.  Prof,  of  E.  E. 
Douglas,  Alexander  S.,  Visiting  Asst.  Prof,  of  Math. 
Farrington,  Carl  C,  l/2  time  Research  Assistant 
Fetzner,  Mrs.  Muriel,  Computer  Teletype  Operator 
Fishel,  Jerome,  l/2  time  Research  Assistant 
Frank,  Werner  L.  l/2  time  Research  Assistant 
Golub,  Gene  H.,  l/2  time  Research  Assistant 
Gregory,  Robert  T.,  l/2  time  Research  Assistant 
Hill,  Robert  S.,  Student  Assistant 
Huffman,  Wm.  L.,  Computer  Operator  for  Illiac 
Kerkering,  Thomas  E.,  Sr.  Laboratory  Mechanic 
Lobaugh,  Wm.  R.,  Computer  Operator  for  Illiac 
Lopeman,  Harold  E„,  Electronics  Engineer  for  Illiac 
Meagher,  R.  E.,  Chief  Engineer 
Michael,  George  W.,  Administrative  Assistant 
Miller,  Raymond  E.,  l/2  time  Research  Assistant 
Muller,  David  E.,  Res.  Asst.  Prof,  of  Applied  Math. 
Muroga,  Saboro,  Research  Assistant 
Nash,  J.  P.,  Res.  Prof,  of  Applied  Math. 
Newmark,  N.  M.,  Chairman,  Exec.  Comm. 
Ogata,  Albert  I.,  Student  Assistant 
Peck,  George  B.,  l/2  time  Research  Assistant 
Polivka,  Raymond  P.,  l/2  time  Research  Assistant 
Poppelbaum,  W.  J.,  Research  Associate 
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Pelg,  Edmund,  Jr.  Electronics  Technician 

Reynolds,  Donald,  Student  Assistant 

Robertson,  James  E.,  Res.  Asst.  Prof,  of  Elec.  Eng. 

Russell,  Miss  Ramona  J.,  Computer  Operator  for  Illiac 

Schneberger,  Edward  J.,  1/2  time  Research  Assistant 

Seshu,  Mrs.  Lily,  l/2  time  Research  Assistant 

Stephens,  Allen,  Asst.  Laboratory  Mechanic 

Swire,  B.  E.,  Visitor  (University  of  Sydney,  Australia) 

Taub,  A.  H.,  Res.  Prof,  of  Applied  Math. 

Wenta,  Joseph,  Sr.  Electronics  Technician 

Wier,  Joseph  M.,  Research  Associate  (3 A  time) 

Yii,  Roland  H.C.,  l/2  time  Research  Assistant 

Yu,  Hwa-Nien,  l/2  time  Research  Assistant 

The  work  of  the  group  is  under  the  administration  of  an  Executive 

Committee  with  the  following  members:  N.  M.  Newmark,  chairman,  D.  E.  Muller, 

J.  E.  Robertson,  A.  S.  Douglas,  J.  P.  Nash,  A.  H.  Taub,  and  R.  E.  Meagher. 


R.  E.  Meag 
REM/hc 
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UNIVERSITY  OF  ILLINOIS 

GRADUATE  COLLEGE 
DIGITAL  COMPUTER  LABORATORY 


TECHNICAL  PROGRESS  REPORT 
Teaching  and  graduate  research  are 
not,  in  general,  reported  herein. 


November  1,  195*1-  -  November  30,  1954 


I.  MATHEMATICAL  RESEARCH  AND  PROGRAMMING.   (This  work  is  supported  in  part  by 

ONR  Task  30.) 

f 

Drum  Programming 

Modification  of  Library  Routines  N2  and  N4  have  "been  made  to 
permit  recording  on  the  magnetic  drum  of  sequences  of  decimal  fractions  and 
integers  which  are  punched  on  tape.  Library  Routine  Nl  needs  no  modification 
because  it  reads  one  fraction  at  a  time  and  thus  may  be  followed  with  a  drum 
record  order. 

Simultaneous  Linear  Equations 

A  half -precis ion  routine  for  solving  sets  of  linear  algebraic 
equations  has  been  checked.   It  gives  results  to  at  most  5  decimal  places  for 
a  maximum  of  53  equations .  The  maximum  time  required  is  about  5  minutes . 

Fourier  Series 

A  routine  has  been  checked  for  finding  the  Fourier  sine  or  cosine 
series  expansion  of  a  function. 

Cathode -Ray  Tube  Output 

An  improved  display  routine  is  being  written  which  will  allow  the 
use  of  ordinary  punch  output  routines  with  the  cathode-ray  tube  and  which  will 
give  the  programmer  considerable  flexibility. 

II.  LIBRARY  ROUTINES 

During  the  month  of  November  the  following  programs  were  added  to 
the  Illiac  library. 

To  the  active  library  were  added: 
A  6   (l5^)   Floating  Decimal  Routine  and  Auxiliaries.  ^67  words . 
This  program  furnishes  a  machine  user  with  Library 
Routines  A  1,  A  3,  RA  1,  TA  1,  SA  2,  TA  2,  and  SA  3  and 
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provides  him  with  parameter  entries  to  them.  Thus 
many  problems  can  he  quickly  programmed  and  run  in 
floating  decimal  arithmetic. 

E  2   (158)   Integration  by  Simpson's  Rule.   21  words. 

This  routine  requires  l.kn   +  3-2  milliseconds  to 
evaluate  Simpson's  rule  for  a  tabulated  function  of  n 
values.   (This  was  programmed  by  Mr.  L.  M.  Isaacson 
of  the  Department  of  Chemistry  and  Chemical  Engineering.) 

M  11   (l6o)  Matrix  Multiplication  (Closed).   77  words . 

The  product  AB  =  C  is  formed  with  C  retained  in  storage. 

The  routine  may  be  entered  with  neither  A  nor  B  in 

storage  or  with  B  in  storage.  Checks  are  incorporated 

to  make  sure  that  c. .  does  not  exceed  capacity  (the 

program  is  for  fixed  point  numbers)  and  that  all  rows 

of  a  matrix  being  read  into  the  Illiac  have  the  same 

number  of  elements.   If  we  form  c.  .  =  a.  .  b  ..  ,  the 

ij    ij  jk' 

number  of  locations  required  for  matrix  elements  is 
k  +  kj  +  ij.  The  time  to  multiply  a  pair  of  20  by  20 
matrices  with  10  decimal  place  elements  when  both  must 
be  read  into  the  Illiac  is  about  kO   seconds. 
J  1   (159)   Roots  of  a  Polynomial.  Complete  Program. 

This  program  accepts  a  data  tape  which  has  polynomial 
coefficients  (real  or  complex)  listed  in  floating  decimal 
form.   The  roots  are  printed  similarly  together  with  a 
residual  obtained  by  substituting  the  root  back  into  the 
original  equation.  A  third-order  process  is  used,  and  the 
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2 

time  required  is  about  l8  +  5n  +  0.08n  seconds,  where 

n  is  the  order  of  the  polynomial.  Accuracy  depends  upon 
condition  of  the  polynomial  but  is  usually  about  9 
de  c  imal  plac  e  s . 

0  h       (l6l)   Fast  Fraction  Display,  k   by_  6  Raster.  68  words. 

Requiring  about  11  milliseconds  per  digit,  this  program 
displays  on  the  cathode-ray  tube  the  number  in  the 
accumulator.  The  location  of  the  lower  left  hand  corner 

of  the  first  character  displayed  is  determined  by  the 
leftmost  l6  binary  digits  of  Q. 

0  5   (162)   Fast  Character  Display,  h   by_  6  Raster. 

$0   words  for  0,  1,  2,. ..9,  +,   -    •  J§  words  for  0,  1,  2,  . . .9, 
K, ...L.   This  routine  is  similar  to  0  k   but  entry  is  different. 
The  first  16  binary  digits  of  the  accumulator  define  the  position 
of  the  lower  left  hand  corner  of  the  character  and  the  right 
hand  address  position  in  the  accumulator  defines  the  character 
n,  0  £  n  1  L.  With  this  format  and  close  spacing  1600 
characters  can  be  displayed  in  one  frame. 

SA  3  (155)    Natural  Logarithm  Auxiliary.   30  words ♦ 

This  is  a  floating  point  auxiliary  which  in  15  milliseconds 
gives  the  logarithm  of  the  number  in  the  floating  accumulator 
with  a  maximum  error  of  1  unit  in  the  9"th  decimal  place. 

TA  2  (156)    Arc  Tangent  Auxiliary.   ^8  words.   Starting  with  the  number 
in  the  floating  accumulator,  this  routine  requires  15 
milliseconds  to  produce  the  arctangent  with  a  possible  error 
of  1  unit  in  the  9th  decimal  place. 
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T  5   (157)   Sine-Cosine  Routine.  21  words .   This  program,  given 

©/it  in  A,  places  (sin  ©)/2  in  A.  Because  of  the  overflow 
properties  of  the  Illiac  the  result  is  unaffected  by  over- 
flows of  ©/jt  from  left  shifts  or  additions.  A  Tchebyscheff 
polynomial  expansion  is  used  to  give  the  sine  in  9  milli- 
seconds  with  an  error  not  greater  than  2   . 

To  the  auxiliary  library  were  added: 
M  7   (150)   Principal  Axes  Factor  Analysis.  Complete  Program. 

This  is  a  modification  of  Library  Routine  M  3>  and  it 
prints  the  eigenvectors  scaled  by  the  square  root  of  the 
corresponding  eigenvalue.   (The  modification  was  made  by 
Mr.  J.  0.  Neuhaus  of  the  Department  of  Psychology.) 

M  8   (l5l)   Sums  of  Squares  of  Rows  and  Columns .  Complete  Program. 
This  program  forms  sums  of  squares  of  the  rows  and 
columns  of  a  matrix.  In  a  matrix  with  r  rows  and  c 
columns  the  capacity  of  the  routine  is  defined  by 
2r  +  c  <  920.   (This  program  was  also  written  by 
Mr .  Neuhaus . ) 

M  9  (152)     Square  Root  Factorization.  Complete  Program. 

This  program  uses  the  square  root  method  to  factor  a  given 
correlation  matrix.  (The  program  was  written  by  Mr.  R.  J. 
Twery  of  the  Department  of  Psychology. ) 

III.  MACHINE  USE. 

The  following  list  gives  problem  specifications  for  new  problems  which 

were  tried  in  November.  It  does  not  indicate  how  the  Illiac  was  used  because  large 

amounts  of  machine  time  may  have  been  consumed  by  problems  with  numbers  less  than  ^33< 
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NUMBER 


PROBLEM  SPECIFICATION 


AFFILIATION 


^33 

k& 

^35 

436 

I137 
438 

^39 
4i+0 

kkl 
kk2 
^3 
kkk 
445 
kk6 
hh-j 
kkQ 

450 
452 


Analysis  of  schizophrenic  word 
associations  (Thesis) 

Memory  read- out 

Intercorrelation  of  teacher  and  pupil 
characteristics 

Hoarding  behavior  in  the  rat 

Factorial  analysis  of  variance 

First  excited  state  of  helium 

A  search  for  the  root  of  f (x)  =  0 

Farm  budgeting  linear  program 

Exact  solution  of  interaction 

Factor  analysis  of  personality  tests 

Investigation  of  factorial  stability 

Complex  roots  of  12  algebraic  equations 

Least  squares  fit 

Lattice  design  analysis  of  variance 

Fourier  analysis 

Probability  of  response  to  multiple 
choice  test  items 

Analysis  of  variance  on  corn  performance 
tests 

Tensor  potential  with  a  Gaussian  (Thesis) 

Matrix  inversion 

Quartimax  analysis 


Psychology 

Computer 
Bur.  Ed.  Res 

Bur.  Ed.  Res 

Agronomy 

Physics 

Struct.  Res. 

Agr.  Econ. 

Struct.  Res. 

Psychology 

Psychology 

Mathematics 

Physics 

Agronomy 

Computer 

Education 

Agronomy 

Physics 
Psychology 
Medical  Col. 


Table  I  shows  distribution  of  machine  time  for  November. 
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TABLE  I 

Maintenance  and  Illiac  Eng.  (usually  8:00  a.m.  -  12:00)   ^5:10 

Unscheduled  Maintenance  or  Repair  6:35 

Drum  Eng.  9:l8 

R.AcR.  6:k0 

Leapfrog  kk : 15 

Wasted  :11 

Use  by  Departments 

Computer  Group  k6 °ky 

Classes  13:05 

Physics  22:27 

C.S.L,  1011^8 

Struct.  Res.  21:4l 

Struct.  Res.  (AE2^99^)  24:^3 

Struct.  Res.  (Nobs  62250.)  3^:50 

Psychology  8:08 

Psychology  (AF  25726a)  lp.38 

Elec.  Eng.  :55 

Chemistry  19:57 

Agriculture  21:01 

Cosmotron  32: Ik 

Ind.  U.  i:6k 

Demonstrations  1:07 

Miscellaneous  12:39 

TOTAL      ^79:15 
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IV.  RESEARCH  ON  COMPUTER  COMPONENTS.   (This  work  is  supported  in  part  by 
ONR  Task  2k.) 

Magnetic  Core  Buffer  Memory  for  C.S.L. 

This  memory  has  been  almost  completed  during  the  month.  The 
control  was  completely  checked  out  along  with  certain  of  the  drivers.  It  was 
also  found  necessary  to  make  a  wiring  change  in  the  column  drivers  and  because 
of  this  in  the  driver  drivers  due  to  a  logical  error  in  the  design.  This  has 
been  done  and  now  this  all  operates  satisfactorily.  At  the  present  moment  it 
is  possible  to  read  out  and  to  write  into  any  of  the  1920  cores  without  any 
obvious  difficulty.  During  the  period  a  circuit  was  designed  and  built  which 
enables  one  to  sequence  the  reading  and  writing  operations  one  after  the  other 
with  a  suitable  delay  interposed  such  that  it  is  possible  to  observe  the  output 
signals  and  other  pertinent  ones  without  harming  the  pulse  portions  of  the 
circuit.  This  same  chassis  also  enables  a  one-shot  read  or  write  operation. 
This  was  used  to  check  and  see  if  there  were  any  bad  cores  in  the  matrix.  It 
was  found  that  one  of  the  cores  that  was  wired  in  was  wired  in  one  dimension 
only  and  so  rather  than  do  any  rewiring,  one  of  the  spare  columns  was  used. 
Currently  the  testing  is  at  the  point  where  hammer  testing  seems  close  at 
hand  to  weed  out  any  bad  joints  that  may  exist  which  have  not  turned  up  as 
yet. 

Magnetic  Drum  Memory 

During  this  month  the  wiring  of  the  drum  unit  for  expansion 
from  8  to  6k   tracks  (20kQ   words)  was  completed.  The  setting  of  the  bleeder 
resistors  was  completed  on  8  tracks  and  oscillations  were  eliminated  on  some 
of  the  dc  busses  throughout  the  test  unit  by  bypassing  the  busses  to  ground 
with  .01  ufd  condensors.  Gain  tolerance  tests  on  these  eight  tracks  while 
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operating  from  the  computer  with  the  drum  test  code  indicated  the  operating 
conditions'  were  approximately  the  same  as  previous  measurements  by  this  method. 

Leads  between  the  drum  word  counter  to  Illiac  order  register  were 
permuted  so  that  successive  Illiac  addresses  correspond  to  every  fourth  drum  word, 

A  type  1100  drum  with  heads  was  ordered  from  ERA.. 

Direct-Coupled  Transistor  Circuits 

The  work  on  the  new  type  of  flipflop  (described  in  the  last 
report)  has  absorbed  the  major  part  of  the  time  of  the  transistor  circuit  group 
during  November.   In  particular  an  exact  theory  and  a  tolerance  analysis  of  the 
device  have  been  worked  out.  As  was  expected,  the  variation  of  parameters  in 
the  emitter  follower  circuit  has  no  influence  on  the  performance:   the  input- 
output  voltage  characteristic  of  this  part  is  always  a  straight  line  of  slope 
one  passing  through  the  origin.  The  behavior  of  the  amplifier  section  can  be 
represented  by  a  line  having  a  minimum  slope  u.  and  passing  through  a  point  on 

the  segment  -pc  !    to-  +pc  j    of  the  u-axis  (see  figure).  After  hitting  the 
o  max      o  max  * 

lines  u  =  +e  and  u  =  -e  ,  the  action  of  the  clipping  diodes  bends  the  amplifier 
characteristic  round  into  a  horizontal  line.   The  3  possible  states  of  the 
flipflop  are  given  by  the  points  of  intersection  of  the  emitter-follower  and 
the  amplifier  characteristic.   It  can  be  proved  that  state  3  is  always  unstable, 
1  and  2  always  stable.  ,\ 

U(ou-fpu.+  j 

A        / 
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It  can  "be  seen  that  the  two  stable  states  1  and  2  are  independent 
of  the  amplifier  gain  u.  and  the  amplifier  drift  x  as  long  as  |x  |<  |x  !     <  e 

*  or-  r  Q  oi0ii0i  max      0 

and  u.  >  u  =  (e  +|x!    )/e  .  It  is  possible  to  find  a  circuit  satisfying 
—  o     o    '  o 'max  '  o 

these  two  requirements  plus  the  non- saturation  condition  (which  turned  out  to  be 
of  secondary  importance:   only  one  transistor  can  saturate  at  the  time).  This 
circuit  allows  for  5$  simultaneous  variation  in  resistors,  supply  voltages  and 


current  amplification  factors  and  for  100%  variation  in  the  bias  current  i   of 
the  transistors. 

A  packaged  unit  has  been  built  using  the  optimum  values. 
This  will  be  the  basis  of  a  shift-register  to  be  constructed  next  month.  For 
this  register  we  have  attached  a  neon -bulb  read-out  circuit  to  the  flipflop  as 
well  as  "clear  to  0"  and  "clear  to  1"  inputs . 

After  having  examined  a  certain  number  of  gating  circuits,  it  was 
found  that  the  diamond  shaped  device  (see  figure)  gave  the  most  reliable  results: 
for  u  >  v  it  gates,  for  u  <  v  input  and  output  float.  A  pulser  has  been  built 
to  drive  these  gating  circuits.  It  has  two  alternate  series  of  output  pulses, 
each  series  being  available  with  positive  and  negative  polarity  simultaneously. 
The  repetition  rate  is  of  the  order  of  15  us  and  the  minimum  pulse  width  ~  3  M-s . 
A  detailed  technical  report  is  in  preparation. 


M  <      > OUT 
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V.  CONSTRUCTION 

Thirteen  more  parts  for  each  of  six  of  the  high  speed  tape 
readers  have  been  built.  Additional  parts  have  been  constructed  for  a  film 
cassette  which  will  make  it  possible  to  hold  about  100  feet  of  film  for  the 
output  of  the  cathode-ray  tube  unit.   The  core  board  for  the  MCM  unit  was 
wired  in  place  and  a  number  of  changes  and  corrections  were  made  to  the  MCM 
unit.  A  chassis  for  the  purpose  of  displaying  the  N  curves  of  point  contact 
transistors  was  constructed. 

VI.  REPORTS  AND  SEMINARS 


Reports 


"A  Study  of  Some  Direct-Coupled  Asynchronous  Computer 
Circuits  Using  Transistors,"  October,  195^- >  Robert  A. 
Kudlich  and  Hwa-Nien  Yu. 

"On  the  Convergence  Rate  of  an  Iterative  Process," 
Report  No.  60,  November  5,  195^,  Robert  T.  Gregory. 

"Determination  of  Flows  Behind  Stationary  and  Pseudo- 
Stationary  Shocks,"  A.  H.  Taub. 


Seminars 

"Finding  the  Zeros  of  a  Polynomial  on  the  Illiac," 
November  3,  195^,  D.  E.  Muller 

"Determination  of  Flows  Behind  Stationary  and  Pseudo- 
Stationary  Shocks,"  November  10,  195^,  A.  H.  Taub 

"System  Design  and  Order  Code  of  the  C.S.I.R.O.  Mark  I 
Computer,"  November  17,  195^,  B.  E.  Swire 

VII.   PERSONNEL 

The  personnel  associated  with  the  group  and  hence  the  contributors 

to  this  report  are: 

Breed,  Charles  P.,  Draftsman  (Started  Nov.  15) 
Bateman,  Wm.  E.,  Jr.  Electronics  Technician 
Carter,  Clifford  E.,  Electronics  Engineer  for  Illiac 
Clark,  Miss  Helen  B.,  Clerk-Stenographer  III 
Clements,  Virgil  F.,  Jr.  Laboratory  Mechanic 
Cole,  Douglas,  Visiting  Asst.  Prof,  of  E.  E. 
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Douglas,  Alexander  S.,  Visiting  Asst.  Prof,  of  Math. 

Farrington,  Carl  C,  l/2  time  Research  Assistant 

Fetzner,  Mrs .  Muriel,  Computer  Teletype  Operator 

Fishel,  Jerome,  l/2  time  Research  Assistant 

Frank,  Werner  L.,  l/2  time  Research  Assistant 

Golub,  Gene  H.,  l/2  time  Research  Assistant 

Gregory,  Robert  T.,  l/2  time  Research  Assistant 

Hill,  Robert  S.,  Student  Assistant 

Huffman,  Wm.  L.,  Computer  Operator  II; 

Kerkering,  Thomas  E.,  Sr.  Laboratory  Mechanic 

Lobaugh,  Wm.  R.,  Computer  Operator  I. 

Lopeman,  Harold  E.,  Electronics  Engineer  for  Illiac 

McGinnis,  Gerald  A.,  Sr.  Elec.  Tech.  (Started  Nov.  9) 

Meagher,  R.  E.,  Chief  Engineer 

Michael,  George  W.,  Administrative  Assistant 

Miller,  Raymond  E.,  l/2  time  Research  Assistant 

Muller,  David  E.,  Res.  Asst.  Prof,  of  Applied  Math. 

Nash,  J.  P.,  Res.  Prof,  of  Applied  Math. 

Newmark,  N.  M.,  Chairman,  Exec.  Comm. 

Ogata,  Albert  I.,  Student  Assistant 

Peck,  George  B.,  l/2  time  Research  Assistant 

Pelg,  Edmund,  Jr.  Electronics  Tech. 

Polivka,  Raymond  P.,  l/2  time  Research  Assistant 

Poppelbaum,  W.  J.,  Research  Associate 

Reynolds,  Donald,  Student  Assistant 

Robertson,  James  E.,  Res.  Asst.  Prof,  of  Elec.  Eng. 

Russell,  Miss  Ramona  J.,  Computer  Operator  I 

Schneberger,  Edward  J.,  l/2  time  Research  Assistant 

Seshu,  Mrs.  Lily,  l/2  time  Research  Assistant 

Stephens,  Allen,  Asst.  Laboratory  Mechanic 

Swire,  B.  E.,  Visitor  (University  of  Sydney,  Australia) 

Taub,  A.  H.,  Res.  Prof,  of  Applied  Math. 

Wenta,  Joseph,  Sr.  Electronics  Technician 

Wier,  Joseph  M. ,  Research  Associate  (3A  time) 

Yii,  Roland  H.C.,  l/2  time  Research  Assistant 

Yu,  Hwa-Nien,  l/2  time  Research  Assistant 

The  work  of  the  group  is  under  the  administration  of  an  Executive 

Committee  with  the  following  members:  N.  M.  Newmark,  chairman,  D.  E.  Muller, 

J.  E.  Robertson,  A.  S.  Douglas,  J.  P.  Nash,  A.  H.  Taub,  and  R.  E.  Meagher. 


R.  E.  Meagher 
REM/arf 


UNIVERSITY  OF  ILLINOIS 
GRADUATE  COLLEGE 
DIGITAL  COMPUTER  LABORATORY 


TECHNICAL  PROGRESS  REPORT 

Teaching  and  graduate  research  are 
not,  in  general,  reported  herein. 


December  1,  195^  -  December  31,  195^ 


I.  MATHEMATICAL  RESEARCH  AND  PROGRAMMING.   (This  work  is  supported  in  part 
by  ONR  Task  30.) 

Drum  Programming 

With  20^+8  words  of  drum  storage  now  in  use,  a  preliminary  set 
of  routines  is  being  made  available  to  Illiac  users.   These  routines  will 
record  and  play  back  with  minimum  access  speeds  after  the  first  entry  and 
include  sum  checks  to  verify  correct  transfer  between  drum  and  Williams 
memories . 

Matrix  Inversion 

As  a  part  of  this  problem  a  routine  has  been  prepared  to  find 
the  rank  and  determinant  of  a  matrix  and  to  triangular ize  the  matrix. 

Simultaneous  Linear  Equations 

The  problem  of  solving  large  sets  (up  to  l60  equations)  of 
linear  algebraic  equations  is  being  studied.  At  present  consideration  is 
being  given  to  the  elimination  method. 

Boolean  Algebra 

An  attempt  has  been  made  to  reformulate  the  Boolean  difference 
equations  representing  a  dynamic  circuit 

AZ.   =  f.(Z_,Z_ Z  ) 

i    i  1'  2     n' 

so  as  to  indicate  which  circuits  will  yield  consistent  results  regardless  of 

time  considerations.   This  is  done  by  introducing  new  variables  Xn,X^,...X 

1'  2'    m 

where  the  Z's  are  contained  among  the  X's.  Then  the  above  equations  are 
written 

AX.   =  g.(Xn,...X  ) 

i   Div  1'    m' 

where  the  expression  for  g.  may  contain  no  argument  more  than  once.  A  con- 
dition that  the  circuit  will  behave  independently  of  time  considerations  may  then 
be  stated  as  AX. AX.  =  0  whenever  X.  and  X.  appear  in  the  same  function  g , . 

Data  Processing 

Two  routines  for  finding  autocorrelations  have  been  tried.   One, 
limited  to  about  790  numbers,  uses  only  the  Williams  memory.   The  other  uses 
the  drum. 
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II.   LIBRARY  ROUTINES. 

During  the  month  of  December  the  following  five  programs  were  added 
to  the  active  Illiac  library.  Those  marked  "preliminary"  will  not  be  dis- 
tributed until  they  have  been  used  enough  to  see  whether  modifications  are 
desirable. 

I»5  (165)      Half  Precision  Automatic  Linear  Equation  Solver. 
Entire  Program .   This  program  will  solve  up  to  51 
simultaneous  linear  algebraic  equations  with  an 
accuracy  of  not  more  than  5  decimal  places .   The 
elimination  method  is  used.  Maximum  time  is  about 
5  minutes . 

N5  (167)      Drum  Fraction  Input.  28  words.  PRELIMINARY . 

This  program  requires  1^  milliseconds  per  character 
to  read  a  sequence  of  signed  decimal  fractions  having 
up  to  12  decimal  places  each  from  the  tape  and  place 
them  in  successive  magnetic  drum  locations. 

N6  (168)      Drum  Integer  Input.   19  words .  PRELIMINARY. 

Using  12  milliseconds  per  character,  this  program 
will  place  in  successive  magnetic  drum  locations 
a  sequence  of  signed  decimal  integers   (with  up  to 
12  digits  each)  read  from  the  tape. 

C7  (163)      Drum  Sexadecimal  Post  Mortem.  23  words.  PRELIMINARY. 
This  routine  overwrites  the  Decimal  Order  Input  routine 
and  prints  in  sexadecimal  form  the  contents  of  successive 
drum  locations  specified  by  a  parameter  which  gives  the 
first  of  ten  locations  to  be  printed. 

C8  (l6k)  Drum  Fraction  Post  Mortem.  29  words .  PRELIMINARY. 

This  routine  occupies  locations  995-1023  and  prints 
signed  12-place  decimal  fractions  from  sets  of  10 
drum  locations  as  specified  by  a  parameter. 


-2- 


III.   MACHINE  USE. 

The  following  list  gives  problem  specifications  for  new  problems 
which  were  tried  in  December.   It  does  not  indicate  how  the  Illiac  was  used 
because  large  amounts  of  machine  time  may  have  been  consumed  by  problems  with 
numbers  less  than  4-53 •  Numbers  followed  by  T  are  thesis  problems. 


NUMBER 

455 
456 
^57 

1+58 

459 
460 
1+61 
462 

463 

464 

465  T 

466 

467  T 

468 

469 

470 
471  T 
472 

^73 
k^k   T 
475 


PROBLEM  SPECIFICATION 
Calculation  of  table 
Motivation  study 
Children's  interf actor  study 
Frequency  spectrum 
Attitude  change  of  German  students 

Comparison  of  centroid  and  principal 
axes  factor  analysis 

Commutation  study 

Tables  of  0- functions 

Spacial  perception  test 

Multi-degree  of  freedom  shear 
beam  with  damping 

Memory  reset 

Matrix  diagonalization 

Least  squares  diffusion  data 

Factor  analysis  and  rotation 

Fourth  order  central  potential 

Factor  rotation 

Solution  of  26  simultaneous  non- 
linear algebraic  equations 

Predicting  the  hardness  of  steel 

Deuteron  triplet  state 

Roots  of  a  polynomial 

Roots  of  a  polynomial 

Fourth  order  singlet  force 

Comparison  of  factor  structures 
for  responses  on  job-attitude  items 


AFFILIATION 

Elec.  Eng. 

Psychology 

Psychology 

Control  Sys .  Lab, 

Inst.  Labor  and 
Ind.  Relations 

Psychology 

Elec.  Eng. 
Mech.  Eng. 
Psychology 
Structural  Res. 

Computer 

Computer 

Chemistry 

Psychology 

Physics 

Inst.  Comm.  Res. 

Structural  Res. 

Computer 
Physics 
Elec.  Eng. 
Elec.  Eng. 
Physics 
Psychology 
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NUMBER 

477 

J+79  T 

48o 


PROBLEM  SPECIFICATION 
Electron  emission  from  a  hollow  cathode 
A  learning  model  random  walk 
Conductivity  in  anisotropic  thin  films 
Buckling  of  arches 

Reliability  of  pupil  rating  of  teachers 


AFFILIATION 

Elec.  Eng. 

Harvard  Univ. 

Physics 

Theoretical  and 
Applied  Mech. 

Bur.  Ed.  Res. 


Distribution  of  machine  time  for  the  month  of  December  is  shown 
in  Table  I. 

TABLE  I 


Maintenance  and  Illiac  Engineering 
(usually  8:00  A.M.  -  12:00  N) 

46:27 

Unscheduled  Maintenance  or 

Repair 

10:32 

Drum  Engineering 

33:57 

R.A.R. 

8:24 

Leapfrog 

67:14 

Wasted 

:08 

Computer  Use  by  Departments 

Computer 

13:5^ 

Classes 

16:54 

Physics 

32:44 

C.S.L. 

54:40 

Struct.  Res. 

26:08 

Struct.  Res.  (AF  24994) 

28:06 

Struct.  Res.  (Nobs  62250) 

22:19 

Psychology 

12:42 

Psychology  (AF  25726A) 

8:29 

Electrical  Engineering 

9:09 

Chemistry 

13:08 

Agriculture 

19:44 

Cosmotron 

28:30 

Indiana  University 

9:09 

Harvard  University 

1:32 

Miscellaneous 

21:28 

Total 


485:18 
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IV.   COMMENTS  ON  THE  ILLIAC  AND  RELATED  FACILITIES. 

The  Illiac  had  a  total  of  39  interruptions  or  errors  during  the 
month.  Nineteen  of  these  occurred  during  the  reading  of  tapes  into  the 
machine.   Four  of  the  interruptions  were  due  to  punching  troubles  hut  of 
these,  three  were  due  to  clogging  of  the  chad  chute.   Sixteen  other  inter- 
ruptions or  errors  occurred  from  all  other  causes,  including  six  errors  for 
which  "reason  unknown"  was  listed  and  no  good  information  is  availahle  on 
these  errors .   Included  in  the  total  number  of  errors  or  interruptions  of 
39  there  were  nine  leapfrog  errors  in  38  hours  of  leapfrog  time.  Three  of 
the  nine  leapfrog  errors  were  due  to  various  punching  troubles.   There  were 
about  ten  hours  of  unscheduled  maintenance  and  a  total  operating  time  of 
about  485  hours . 

The  auxiliary  drum  memory  with  2048  words  of  forty  binary  digits 
has  been  made  available  to  programmers  on  an  experimental  basis. 

Additional  Teletype  equipment  has  been  received  and  this  will 
eventually  supplement  that  now  available  for  tape  preparation.   Included 
is  another  keyboard  perforator  which  is  ready  to  be  used,  a  model  28  page 
printer  which  prints  approximately  ten  characters  per  second  and  three 
BRPE-2  punches  which  punch  sixty  characters  per  second.   The  page  printer 
and  punches  require  some  work  to  be  incorporated  into  the  Illiac  facilities. 
One  of  the  BRPE-2  punches  will  be  used  as  Illiac  output  to  replace  the 
present  twenty-character-per-second  punch. 

V.  RESEARCH  ON  COMPUTER  COMPONENTS.   (This  work  is  supported  in  part  by 
ONR  Task  2k.) 

Magnetic  Core  Buffer  Memory  for  C.S.L. 

During  this  period  the  magnetic  core  memory  has  been  completed, 
tested,  and  the  necessary  drawing  changes  given  to  the  draftsman.  The  testing 

was  done  with  an  automatic  checking  circuit  recycling  a  101010 1010  pattern 

through  the  memory,  checking  at  the  serializing  point  for  errors .  Runs  of  48 
hours,  30  hours,  36  hours,  and  4  5  hours  without  error  were  made.  All  errors 
after  the  first  test  was  begun  were  due  to  bad  tubes  and  not  due  to  storage 
errors .   The  temperature  tolerance  was  checked  by  removing  the  cooling  and 
allowing  the  temperature  to  rise  to  65  C.   This  would  correspond  to  operating 
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the  device  when  the  outside  air  temperature  was  about  58  C.   No  errors  were 
made  during  the  test,  indicating  a  wide  temperature  tolerance.  All  power 
supplies  were  moved  by  +5$«   Storage  was  error- free.  Raising  the  -300v  to 
-285v  and  the  +150v  to  157 -5v  caused  the  device  to  hang  up  although  no  error 
resulted  in  storage.   In  the  near  future  it  is  hoped  that  the  completed  cir- 
cuit book  will  be  ready. 

Magnetic  Drum  Memory 

A  new  drum  test  code  was  written  and  put  into  use.   Beginning 
at  a  random  location,  a  random  number  of  random  numbers  are  recorded  at 
successive  slots  around  the  drum  periphery  on  random  tracks.   The  same  numbers 
are  then  played  back  and  checked  against  the  numbers  originally  recorded. 
Results  indicate  that  the  new  drum  test  code  is  more  stringent  than  the  code 
previously  used. 

A  test  unit  to  test  drum  and  head  signals  for  the  new  drum 
was  designed.   This  is  shown  on  Drawing  L6lK,      This  unit  contains  the  circuits 
to  record  on  one  track  at  a  time  for  one  revolution  of  the  drum  at  either 
40  kc  or  80  kc  and  with  varying  record  currents  and  varying  clamping  resistor 
sizes,  and  an  amplifier  for  an  origin  pulse  from  the  drum. 

Direct-Coupled  Transistor  Circuits 

The  npn-pnp  flipflop  was  again  the  center  of  attention  in 
December.   In  particular,  tests  were  conducted  on  a  packaged  unit  to  find 
out  how  the  device  behaves  in  continuous  service.   It  was  found  that 
pulse  service  (2x10  changes  of  state  per  second) for  eight  hours  and 
static  service  (one  state)  for  twenty-four  hours  of  operation  did  not  appear 
to  modify  the  characteristics  of  the  unit. 

A  technical  report  on  the  flipflop  is  now  being  prepared.   In 
it  the  following  points  are  examined:   simplified  equations  for  npn  and  pnp 
transistors  at  low  and  high  frequencies,  theory  and  stability  analysis  of 
the  new  flipflop,  tolerance  analysis  and  general  design  considerations. 

A  four  bit  double  shifting  register  using  the  new  flipflop 
is  under  construction  and  will  probably  be  put  into  service  by  the  beginning 
of  January.   It  will  allow  us  to  run  eight  flipflops  continuously. 
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A  great  deal  of  time  has  been  spent  looking  into  a  reliable 
not  circuit  and  a  signal  level-restoring  circuit.   A  possible  not  circuit  was 
obtained  by  using  the  design  in  the  figure  below.  The  design  features  a 
double  emitter-follower  output  and  clipping  diodes  for  the  output  signal. 
The  first  stage  is  calculated  in  such  a  way  that  under  all  drift  conditions 
the  overswing  is  sufficient  to  guarantee  the  full  output  amplitude  of  2v 
with  input  signals  as  low  as  0.6v.   It  turns  out  that  economically  a  double 
emitter-follower  is  not  more  expensive  than  a  single  stage,  because  the  latter 
necessitates  a  very  high  a  transistor.   The  level-restoring  circuit  makes  use 
of  a  grounded-base  amplifier,  driven  by  and  working  into  an  emitter- follower. 


-hO.Gv  or  more  pos. 

/A/—     o 
~0.6v  or  imore  neg. 


0£v   -30v 


-2v 


4-Q6v  +30v 


-30  v 


4-2  V 


-30v 


+2v 


-Zv 

OUT 

+  2v 


A  Proposed  Not  Circuit 


Preliminary  investigations  were  conducted  to  examine  the 
possibility  of  using  high-current  transistors  for  power  stages.   It  is 
thought  that  this  would  be  of  considerable  interest  if  a  magnetic  core 
type  of  memory  is  to  be  attached  to  a  transistorized  computer. 

An  instrument  which  traces  automatically  the  input  character- 
istic (N-curve)  of  point-contact  transistors  was  tested  and  put  into  service, 
It  features  several  resistance  decades  which  allow  the  operator  to  simulate 
the  different  circuits  which  may  be  used.  The  output  circuits  of  the  instru- 
ment are  dc-coupled  and  it  is  possible  to  read  directly  on  the  oscilloscope 
the  voltages  corresponding  to  the  peak  and  valley  points .  A  bunch  of  twenty 
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transistors  was  examined  and  a  large  variation  of  the  position  of  the  N-curve 
from  one  unit  to  the  other  was  observed.  A  more  systematic  study,  taking 
account  of  aging,  will  me  made  later. 

VI.   CONSTRUCTION. 

A  total  of  fifty  parts  for  each  of  six  new  readers  has  been 
finished.   Two  of  these  readers  will  be  used  with  a  high-speed  tape  comparer 
unit  which  is  intended  to  be  installed  in  the  Teletype  Room.  Reader  "C"  has 
been  altered  to  contain  a  larger  motor  and  other  improved  driving  facilities 
so  that  it  should  be  comparable  to  readers  "D"  and  "E"  in  this  respect.  A 
rather  considerable  amount  of  effort  has  been  put  into  reader  "D"  which  has 
been  the  largest  source  of  reader  errors  during  the  month.  A  new  roller  was 
installed  together  with  a  hard  rubber  driving  drum  in  order  to  improve  the 
tape-pulling  even  when  the  brake  is  set  rather  tightly.   The  light  holes 
have  been  made  smaller  by  filling  them  with  silver  solder  and  redrilling  them. 
It  is  believed  that  the  "fifth  hole"  was  somewhat  too  large  and  that  this  in 
turn  caused  some  of  the  errors  experienced  with  this  unit.  Phototubes  with 
uniform  sensitivity  have  been  installed. 

A  test  unit  has  been  built  with  two  rotary  brushes,  the  purpose 
of  which  is  to  clean  tape  before  it  is  admitted  to  the  tape  reader.   It  can 
be  connected  into  the  reader  circuit  so  that  the  brushes  stop  rotating  when 
the  tape  stops  and  start  when  the  tape  starts .   This  unit  is  being  tried 
experimentally  to  see  if  it  can  keep  the  tapes  cleaner  and  hence  reduce  the 
number  of  errors  during  input  to  the  machine . 

A  temporary  test  rack  is  being  assembled  to  test  the  circuits 
of  the  photoelectric  tape  comparer  unit.  Four  chassis  built  from  Drawings 
527,  531>  and  532  have  been  built  and  are  installed  in  the  test  rack. 

VII.  REPORTS  AND  SEMINARS. 

Seminars 

''Arithmetic  Unit  Design  for  Binary  and  Binary- 
Decimal  Digital  Computers,"  Prof.  James  E. 
Robertson,  December  1,  195^- 

"Determination  of  Flows  Behind  Stationary  and 
Pseudo- Stationary  Shocks,"  Prof.  A.  H.  Taub, 
December  8,  19 5k. 
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Seminars 

"Determination  of  Flows  Behind  Stationary  and 
Pseudo-Stationary  Shocks,"  Prof.  A.  H.  Taub, 
December  15,  195^- •  (Continuation  of  former 
seminar) 

VIII.   PERSCMEEL. 

The  personnel  associated  with  the  group  and  hence  the  contributors 

to  this  report  are: 

Allen,  Guy,  Computer  Operator  I  (Starting  January  l) 

Breed,  Charles  P.,  Draftsman 

Bateman,  Wm.  E.,  Jr.  Electronics  Technician 

Carter,  Clifford  E.,  Electronics  Engineer  for  Illiac 

Clark,  Miss  Helen  B„,  Clerk- Stenographer  III 

Clements,  Virgil  F.,  Jr.  Laboratory  Mechanic 

Cole,  Douglas,  Visiting  Asst.  Prof,  of  E.  E. 

Douglas,  Alexander  S.,  Visiting  Asst.  Prof,  of  Math. 

Farrington,  Carl  C,  1/2  time  Research  Assistant 

Fetzner,  Mrs.  Muriel,  Computer  Teletype  Operator 

Fishel,  Jerome,  l/2  time  Research  Assistant 

Frank,  Werner  L.,  l/2  time  Research  Assistant 

Golub,  Gene  H.,  1/2  time  Research  Assistant 

Gregory,  Robert  T.,  l/2  time  Research  Assistant 

Hill,  Robert  S.,  Student  Assistant 

Huffman,  Wm.  L.,  Computer  Operator  II 

Kerkering,  Thomas  E.,  Sr.  Laboratory  Mechanic 

Lobaugh,  Wm.  R.,  Computer  Operator  I.  (terminating  Jan.  7) 

Lopeman,  Harold  E.,  Electronics  Engineer  for  Illiac 

McGinnis,  Gerald  A.,  Sr.  Elec.  Tech. 

Meagher,  R.  E.,  Chief  Engineer 

Michael,  George  W.,  Administrative  Assistant 

Miller,  Raymond  E.,  l/2  time  Research  Assistant 

Muller,  David  E.,  Res.  Asst.  Prof,  of  Applied  Math. 

Nash,  J.  P.,  Res.  Prof,  of  Applied  Math. 

Newmark,  N„  M.,  Chairman,  Exec.  Comm. 

Ogata,  Albert  I.,  Student  Assistant 

Peck,  George  B.,  l/2  time  Research  Assistant 

Pelg,  Edmund,  Jr.  Electronics  Tech. 

Polivka,  Raymond  P.,  1/2  time  Research  Assistant 

Poppelbaum,  W.  J.,  Research  Associate 

Reynolds,  Donald,  Student  Assistant 

Robertson,  James  E.,  Res.  Asst.  Prof,  of  Elec.  Eng. 

Russell,  Miss  R;amona  J.,  Computer  Operator  I 

Schneberger,  Edward  J.,  1/2  time  Research  Assistant 

Seshu,  Mrs.  Lily,  1/2  time  Research  Assistant 

Stephens,  Allen,  Jr.  Laboratory  Mechanic 
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Taut),  A.  H.,  Res.  Prof,  of  Applied  Math. 
Wenta,  Joseph,  Sr.  Electronics  Technician 
Wier,  Joseph  M.,  Research  Associate   (3 A  time) 
Yii,  Roland  H.C.,  1/2  time  Research  Assistant 
Yu,  Hwa-Nien,  l/2  time  Research  Assistant 

The  work  of  the  group  is  under  the  administration  of  an  Executive 
Committee  with  the  following  members:  K.  M.  Newmark,  chairman,  D.  E.  Muller, 
J.  E.  Robertson,  A.  S.  Douglas,  J.  P.  Nash,  A.  H.  Taub,  and  R.  E.  Meagher. 


R.  E.  Meaghe 


REM/hc 
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UNIVERSITY  OF  ILLINOIS 
GRADUATE  COLLEGE 
DIGITAL  COMPUTER  LABORATORY 


TECBNICAL  PROGRESS  REPORT 
Teaching  and  graduate  research  are 
not,  in  general,  reported  herein. 


January  1,  1955  -  January  31,  1955 


I.  MATHEMATICAL  RESEARCH  AND  PROGRAMMING.   (This  work  is  supported  in 
part  by  ONR  Task  3a) 

Drum  Use  for  Code  Checking  Routines 

The  influence  of  the  magnetic  drum  upon  checking  routines  has 
been  studied.  A  reduction  in  the  number  of  checking  routines  and  an  increase 
in  versatility  of  checking  methods  is  now  possible.  The  following  routines 
have  either  been  prepared  or  are  contemplated. 

a)  A  general  post  mortem  routine  which  requires  only  locations  0,  1 

and  2  of  the  Williams  memory.  Printing  may  be  in  any  of  five  forms:  fractions, 
integers,  order  pairs,  sexadecimal  words,  or  floating  point  numbers. 

b)  A  similar  program  for  words  located  on  the  drum. 

c)  A  comparison- type  post  mortem  to  replace  the  present  library  routine 
CI,  the  basic  post  mortem  routine.  The  new  version  cannot  be  overwritten, 
will  not  cause  double  printing  of  interludes,  and  the  program,  after  being 
compared  and  started,  will  "behave  identically  the  second  time.  Moreover, 

and  this  is  a  very  important  improvement,  the  new  routine  will  not  depend 
upon  the  Decimal  Order  Input  (library  routine  XI)  but  can  be  used  equally 
well  with  sexadecimal  or  6ther  input  routines.  This  facility  is  obtained 
by  using  an  interpretive  routine  to  read  in  the  program  being  tested, 
reference  being  made  to  the  drum  whenever  an  order  being  tested  refers  to 
a  part  of  the  Williams  memory  occupied  by  the  post  mortem  routine.  When  a 
stop  transfer  order  is  encountered,  the  program  may  be  arranged  to  compare 
words  in  the  original  program  (now  placed  on  the  drum)  with  words  in  the 
re-read  program.  No  printing  will  occur  if  words  agree  of  if  words  in  the 
second  reading  are  zero. 

d)  A  sequence  checking  routine  similar  to  the  Scot  program.  This 
would  use  the  drum  only  when  that  part  of  the  Williams  memory  occupied  by 
the  master  routine  is  infringed  upon. 

Combining  the  routines  described  in  (a),  (b)  and  (c)  with 
library  routine  C6  (address  search)  and  Dl  (check  point)  we  have  about 
250  words  which,  if  held  permanently  on  the  drum,  will  give  programmers 
a  great  variety  of  quickly  accessible  checking  aids. 
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Drum  Programs 

Routines  were  written  and  checked  during  the  month: 

1)  A  sexadecimal  drum  input  routine  for  transferring  sexadecimal 
words  from  tape  to  specified  drum  storage  locations. 

2)  An  electrostatic  memory  input  routine  (for  use  with  the  drum 
bootstrap)  whose  function  is  to  transfer  sexadecimal  words  from  specified 
drum  locations  to  specified  electrostatic  memory  locations . 

3)  A  modified  version  of  the  leapfrog  with  automatic  post 
mortem.  The  leapfrog  was  lengthened  by  six  words  to  accomodate  a  drum 
bootstrap.  The  leapfrog  bootstrap  transfers  an  input  routine  from  the 
drum  to  the  electrostatic  memory.  The  input  routine  then  transfers  a 
post  mortem  routine  from  the  drum  to  the  electrostatic  memory.  Both  the 
input  routine  and  the  post  mortem  routine  are  placed  in  locations  other 
than  those  assigned  to  the  five  leapfrog  copies.  The  post  mortem  routine 
compares  leapfrog  copies  2  through  5  with  the  leapfrog  copy  on  the  drum, 
prints  discrepancies,  and  corrects  all  electrostatic  memory  copies.  After 
the  post  mortem,  the  leapfrog  run  can  be  continued,  or  the  leapfrog  can  . 
be  crippled  in  place. 

k)   Using  routine  (l)  above,  the  commonly  used  code  checking 
routines  have  been  recorded  on  the  drum.  Using  routine  (2)  and  a  short 
specification  tape,  the  desired  routine  can  then  be  transferred  from  the 
drum,  with  a  consequent  reduction  in  tape  handling  and  reading  time. 

Random  Numbers 

The  generation  of  pseudo-random  numbers  by  methods  which  do 
not  involve  multiplication  (and  which  are  thus  faster)  is  being  studied. 
One  simple  jumbling  process  involves  permuting  digits  and  adding.  Chi- 
square  tests  will  be  made  to  test  the  results. 

Floating  Address  Routine 

An  input  program  making  use  of  floating  address  techniques  is 
being  written. 
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Differentiation 

In  response  to  a  number  of  inquiries,  consideration  has  been 
given  to  a  differentiation  routine.  A  general  expression  can  be  obtained 
for  the  nth  derivative  of  Neville's  interpolation  formula.   This  formula  is 
such  that  a  simple  cyclic  process  yields  successive  derivatives.   Scaling 
may  be  handled  by  computing  f   /h  ,  where  h  is  the  interval  between  tabulated 
points . 

II.  LIBRARY  ROUTINES. 

During  the  month  of  January,  the  following  five  programs  were  added 
to  the  active  Illiac  library.  The  ones  marked  "preliminary"  will  not  be 
distributed  until  they  have  been  used  enough  to  see  whether  modifications 
are  desirable. 

Lk   (l66)       Half-Precision  Solution  of  a  Set  of  Simultameous 
Linear  Algebraic  Equations .   159  words .  This  is 
an  open  routine  capable  of  handling  52  equations 
with  at  most  5-decimal  accuracy.  It  forms  the 
basis  for  automatic  routine  L5. 

X9  (169)      Program  Interruption  Routine.  3^  words.  This 
routine  is  for  use  when  an  incomplete  program 
must  be  removed  from  the  computer  and  will  be 
put  back  later. 

X10  (170)     Program  Interruption  Routine  with  Sum  Check. 

^9  words.  Similar  to  X9,  this  routine  contains 
a  sum  check  for  comparing  the  re-set  program 
with  the  program  existing  just  prior  to  its 
removal. 

N7  (172)      Transfer  Blocks  of  Words  from  Williams  Memory 
to  Drum  or  from  Drum  to  Williams  Memory.  ^3 
words .  PRELIMINARY.   This  is  a  closed  routine 
using  3  parameters  to  designate  the  transfer 
of  r  words  from  locations  beginning  at  n  to 
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C9  (174) 


locations  beginning  at  q.   In  going  from  the 
Williams  memory  to  the  drum,  a  sum  check  constant 
is  recorded  at  location  q+r.   If  the  same  constant 
is  not  obtained  on  playback,  the  machine  stops . 
The  time  required  is  10+3.3*"  milliseconds. 

Print  Sets  of  Floating  Decimal  Numbers  and  Their 
Decimal  Locations .   36  words.   This  is  a  post 
mortem  routine  for  use  with  floating  point  routine 
Al  and  its  associated  programs. 


III.   MACHINE  USE, 

The  following  list  gives  problem  specifications  for  new  problems  which 
were  tried  in  January.   It  does  not  indicate  how  the  Illiac  was  used  because 
large  amounts  of  machine  time  may  have  been  consumed  by  problems  with  numbers 
less  than  48l.  Numbers  followed  by  T  are  for  thesis  problems. 


NUMBER 


481 

T 

482 

483 

484 

485 

T 

486 

T 

487 

T 

488 

489 

490 

491 

T 

492 

493  T 

494 
495 


PROBLEM  SPECIFICATION 

Deuteron  problem 

Autocorrelation  of  syllables 
per  word 

Heat  conduction 

Correlation  of  corn  ratings 

Simultaneous  linear  equations 

Pattern  analysis  of  senatorial 
voting 

Tic  tac  toe  learning  program 

Analysis  of  testing  procedures 

Kinetics  of  consecutive  reactions 

Test  for  determinant  routine 

Proper  moves  table  for  tic  tac  toe 

Least  squares  for  ultracentrifuge 
data 

Accumulation  of  correct  tic  tac 
toe  plays 

Inbreeding  versus  outcrossing 

Solution  of  polynomial  equations 


AFFILIATION 

Physics 
Psychology 

Mech.  Eng. 
Agronomy 
Civil  Eng. 
Psychology 

Computer 

Education 

Chemistry 

Computer 

Computer 

Chemistry 

Computer 

Dairy  Science 
Economics 
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Table  I  shows  distribution  of  machine  time  for  January. 


TABLE  I 

Regular  Maintenance  and  Illiac 
Engineering  (usually  8:00  A.M. -12:00  N) 


58:50 


Unscheduled  maintenance  or  repair 

23:16 

Drum  Engineering 

23:39 

R.A.R. 

7:09 

Leapfrog 

82:11 

Wasted 

:59 

Computer  Use  by  Departments 

Computer  Group 

56:16 

Classes 

11:24 

Demonstrations 

1:16 

Physics 

31:54 

C  .  S  0  L . 

65:18 

Struct.  Res. 

16:10 

Struct.  Res.  (AF24994) 

7:59 

Struct.  Res.  (Nobs62250) 

27:35 

Psychology 

15:l4 

Psychology  (AF25726A) 

1:30 

Elec.  Eng. 

17:^8 

Chemistry 

26:39 

Agriculture 

20:05 

Cosmotron 

20:40 

Indiana  University 

4:43 

Chanute  Air  Force  Base 

3:56 

Miscellaneous 

19:09 

Total 


543:39 
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IV.   ERROR  FREQUENCY  AND  ANALYSIS. 

The  machine  is  normally  used  for  "engineering"  and  maintenance 
between  8:00  A.M.  and  12:00  N,  and  for  a  check  of  its  performance  be- 
tween 5J00  and  5^30  P.M.  of  each  weekday.   Since  the  periods  between 
8:00  A.M.  and  noon,  together  with  certain  irregular  periods  like  Saturdays 
and  Sundays,  are  devoted  to  a  heterogenous  group  of  functions,  it  is  more 
instructive  from  an  error  analysis  standpoint  to  look  at  the  periods 
between  noon  and  8:00  A.M.  of  the  next  day  in  order  to  make  an  obser- 
vation of  the  error  frequency  in  the  machine .  This  is  the  actual  period 
when  the  machine  is  designated  for  use.  With  this  in  mind,  a  summary 
table  has  been  prepared  using  the  period  between  noon  and  8:00  A.M.  of 
the  next  day.  This  table  lists  the  running  time  when  the  machine  was 
operating,  the  amount  of  time  devoted  to  repairs  because  of  breakdowns, 
and  the  number  of  failures  while  the  machine  was  listed  as  running. 
During  the  5:00-5:30  P.M.  period  (when  the  machine  is  checked)  if  no 
errors  are  found,  the  time  is  given  to  the  "running  column."  Each 
failure  was  considered  to  have  terminated  a  running  period  and  was 
followed  by  a  repair  period  in  preparing  this  table .   Since  the  leap- 
frog code  is  our  most  significant  machine  test,  the  length  of  time 
which  it  has  been  used  on  the  machine  is  listed  separately  together 
with  the  number  of  errors  associated  with  that  particular  code.  This 
information  for  the  month  is  presented  in  Table  II. 

It  is  important  to  notice  that  any  interruption  of  machine  time 
that  was  not  planned  for  is  considered  a  failure  in  this  table.   In 
rare  cases  where  the  failure  is  not  known  until  a  later  time,  it  is 
possible  that  no  repair  period  is  associated  with  the  failure.  This 
overall  system  has  been  adopted  because  it  makes  it  possible  for  a 
machine  user  to  estimate  directly  the  probability  that  the  machine  will 
be  "running"  at  any  instant  of  time  and  the  probability  of  a  failure 
during  any  given  interval  of  running  time. 
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V.  COMMENTS  ON  THE  ILLIAC  AND  RELATED  FACILITIES. 

During  the  year  195^,  "the  Illiac  was  operated  5251  hours  and  during 
this  time  a  total  of  1929  tubes  were  changed.   Out  of  the  total  number  of 
tubes  changed,  150  tubes  were  replaced  because  of  tube  failures  which  pro- 
duced errors  or  interruptions  of  Illiac  running  time.   102  of  these  tubes 
were  changed  during  the  operating  period  of  the  machine  between  noon  and 
8:00  A.M.  the  next  morning. 

The  new  60-character  per  second  punches  are  being  tried  with  the 
Illiac.  Difficulties  have  been  encountered  using  the  contacts  supplied 
with  the  punches  for  "A"  and  "B"  gates.   The  contacts  do  not  remain  180 
open,  180  closed,  when  the  contact  positions  are  changed.  Errors  in 
punching  occur  when  starting  and  stopping.  This  is  caused  by  the  feed 
magnet  not  starting  soon  enough  so  that  two  characters  may  be  punched 
over  one  another  and  stopping  too  late  so  that  a  zero  is  punched  at  the 
end  of  a  string  of  characters. 

The  photoelectric  tape  comparer  is  being  checked  with  minor  changes 
in  the  logic  and  circuitry  being  made.  The  unit  is  operating  most  of  the 
time  but  occasionally  the  two  readers  get  out  of  step.  This  trouble  is 
now  being  checked. 

VI.  RESEARCH  ON  COMPUTER  COMPONENTS.  (This  work  is  supported  in  part  by 
ONR  Contract  N6ori-07124. ) 

Magnetic  Core  Study 

While  experimenting  with  magnetic  cores,  a  method  of  sensing 
certain  magnetic  cores  was  found  which  does  not  disturb  the  information  in 
the  cores.   It  was  found  that  it  is  fairly  simple  to  read  out  of  steel  cores 
nondestructively  by  using  a  pair  of  very  short  sensing  pulses.   These  cause 
the  core  to  be  moved  around  a  reversible  loop  about  the  remanent  point.  Thus 
if  the  core  is  residing  at  one  remanent  point  and  two  short  pulses  of  sufficient 
amplitude  to  turn  the  core  over  but  of  insufficient  duration  are  applied, 
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one  of  each  polarity,  the  signal  out  on  any  pickup  winding  resulting 
from  the  flux  change  gives  a  method  of  reading  the  contents  without 
destroying  them.  Thus  if  we  look  at  the  output  during  the  first  of 
these  two  pulses,  we  should  expect  to  see  a  relatively  large  signal 
if  the  core  is  driven  toward  a  knee  and  a  small  one  if  it  is  driven 
away  from  a  knee.  Further,  since  the  direction  of  the  knee  from  the 
remanent  point  is  dependent  upon  which  of  the  remanent  points  acted 
as  the  starting  point  for  this  operation,  the  output  signal  is  a  measure 
of  the  remanent  state.  Thus  if  a  core  is  set  to  the  negative  remanent 
point  and  a  pair  of  short  sensing  pulses,  the  positive  one  coming  first, 
are  sent  through  the  core,  then  a  large  signal  will  appear  at  the  advent 
of  the  first  pulse,  while  if  the  core  had  started  at  the  positive  remanent 
point,  the  large  pulse  would  not  have  occurred  until  the  second  sensing 
pulse.  It  was  found  that  Deltamax  cores  operate  very  well  in  this  fashion 
and  enable  one  to  read  out  of  such  a  core  in  something  like  a  microsecond, 
which  is  much  faster  than  "by  any  other  means,  using  reasonable  amounts  of 
driving  power.  Permalloy  cores  also  allow  such  reading  although  the  sensing 
discrimination  was  not  so  good.  All  attempts  to  do  such  reading  from  ferrite 
cores  failed.  It  is  felt  that  these  results  are  caused  by  the  relative 
squareness  of  the  hysteresis  loops  of  the  various  materials.  Since  the 
selected  signal  must  come  from  passing  slightly  over  the  knee  and  since 
the  unselected  signal  comes  from  moving  along  the  saturated  portion  of 
the  hysteresis  curve,  the  selection  ratio,  that  is  the  ratio  of  the  sizes 
of  the  two  types  of  output  signals,  is  best  when  the  motion  over  the  knee 
is  great  or  when  the  slope  of  the  saturation  portion  is  very  small.   Since 
we  are  restricted  in  the  amount  by  which  we  can  pass  the  knee,  it  is 
necessary  that  the  other  slope  be  fairly  small  so  as  to  have  small  un- 
selected signals.   It  is  felt  that  the  Deltamax  is  best  in  this  respect 
and  the  ferrites  are  worst,  the  latter  being  bad  enough  so  that  the  unselected 
signal  is  nearly  as  large  as  the  selected  one  for  any  stable  loop  about  a 
remanent  point. 
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A  method  of  passing  pulses  through  a  magnetic  switch  in  which 
pulses  are  larger  in  amplitude  in  one  direction  than  in  the  other  was 
alsc  devised,  along  with  a  method  of  controlling  independently  the 
amplitudes  of  these  pulses.   Such  a  pulse  system  was  deemed  desirable 
for  use  in  a  magnetic  core  storage  system.   By  making  a  memory  organized 
on  a  word  selection  "basis,  it  is  possible  to  greatly  overdrive  the  cores 
on  reading,  since  no  switching  property  of  the  storage  cores  is  used 
during  reading.  Thus  if  the  first  of  two  pulses  has  a  large  current 
amplitude  the  storage  cores  will  flip  over  very  rapidly  and  a  very 
short  readout  time  will  result.  Then,  when  it  is  necessary  to  put 
this  information  hack  into  the  cores,  a  pulse  of  lesser  current  ampli- 
tude and  longer  duration  may  he  used,  the  time  integral  of  the  output 
voltage,  of  course,  being  zero. 

Using  the  above  switch,  it  seems  possible  to  devise  a  magnetic 
core  memory  in  which  only  three  wires  pass  through  each  core.  Such  a 
matrix  may  be  driven  in  one  dimension  by  a  magnetic  matrix  switch  and 
by  hard  tube  drivers  in  the  other.  A  600-core  storage  matrix  is  being 
wound  currently  to  test  this  hypothesis  and  to  get  a  better  measure  of 
the  amount  of  work  necessary  to  do  the  actual  winding. 

Direct-Coupled  Transistor  Circuits 

The  four  bit  double  shifting  register  was  built  and  tried 
out  in  manual  operation.  The  experiments  with  pulse  operation  will  be 
resumed  as  soon  as  low-capacity  miniature  diodes  are  available  for  the 
gating  circuits. 

The  npn-pnp  flipflop  circuit  was  slightly  modified  for  control 
applications  in  which  a  last  moving  point  output  is  needed.   It  is  thus 
necessary  to  connect  a  second  voltage  divider  across  the  collectors  of 
the  dc  amplifier  and  to  take  the  mid-point  as  the  output:   The  high 
output  impedance  encountered  forces  us  then  to  go  out  through  an  emitter- 
follower.   It  turned  out  that  with  the  values  indicated  in  the  figure 
the  overall  rise  and  trail-off  time  of  the  circuit  is  still  of  the 
order  of  one  microsecond. 
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Flipflop  with  "last  moving  point"  output. 


Efforts  were  made  to  simplify  the  proposed  "building  blocks,  i.e. 
to  reduce  the  number  of  transistors  in  a  given  circuit.   In  particular 
a  not  circuit  was  designed  which  only  uses  two  instead  of  four  transistors 
The  price  we  have  to  pay  for  this  simplification  is:  a  lower  input  im- 
pedance (lOKyi  instead  of  20K_fl),  a  longer  rise-time  and  trail-off-time 
(l-5  u-s  instead  of  1  p.s),  a  less  favorable  ratio  of  minimum  to  maximum 
signal  at  the  input  (1:2  instead  of  0.6:2)  and  lastly  the  use  of  a  speed- 
up capacitor  across  the  input.  A  further  drawback  is  the  higher  cost  of 
the  high-Q!  output  transistor. 
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A  Hot  Circuit  using  Two  High-a  Transistors 
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It  is  hoped  that  in  the  near  future  design  rules  can  be  laid  down 
for  the  transistorized  building  blocks.   It  is  proposed  to  adopt  the 
following  standards : 

Signal  Levels :   "0"  corresponds  to  signal  between  -2V  and  -IV;  "1"  corres- 
ponds to  signals  between  +1V  and  +2V. 

Rise-Times,  Trail-Off -Times,  Turn- over- Time s :  All  these  times  should  be 
less  than  1.5  P-s . 

Input  and  Output  Impedances:  All  input  impedances  should  be  ^  10KJ1  and 
the  minimum  load  should  be  as  low  as  2KA 

Tolerances :  All  voltages,  transistor  parameters  and  resistance  values 
should  at  all  times  be  within  5$  of  the  nominal  value,  except  i   which 
shall  be  10  |iA  +  100  uA. 

Collector  and  Bias  Voltages:  All  collector  voltages  should  be  +  25V  and 
the  bias  voltages  used  should  be  +  IV  or  +  2V.  The  only  exceptions  are 
the  read-out  circuits. 

A  technical  report  giving  the  calculations  for  the  npn-pnp  flip- 
flop  in  detail  has  been  prepared. 

Magnetic  Drum  Auxiliary  Memory 

During  the  month  of  January,  the  2048-word  experimental  drum 
storage  unit  was  made  available  for  code  checking  and  production  runs. 
The  following  decisions  conerning  design  of  the  final  unit  were  made  on 
the  basis  of  operating  experience  with  the  experimental  unit: 

l)  Calculation  time  between  successive  words:  Initially,  leads 
between  the  drum  word  counter  and  the  drum  coincidence  circuits  were 
permuted  in  such  a  way  that  successive  Illiac  addresses  usually  coincided 
with  every  fourth  state  of  the  word  counter.  Since  there  is  an  enforced 
delay  of  two  words,  and  since  the  transfer  of  information  between  the 
drum  unit  and  the  Illiac  requires  one  word  time,  one  word  time  (approxi- 
mately 527  M-s)  remained  for  Illiac  calculation  between  successive  drum 
consultations.  This  calculation  time  is  deemed  insufficient,  and  a 
minimum  of  three  word  times  at  double  the  density  (780  u.s)  is  proposed 
for  the  final  unit.   During  the  month  of  January,  the  drum  word  counter 
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was  rewired  to  count  by  13*  s,  with  the  result  that  the  state  of  the  word 
counter  increases  by  a  unit  each  time  five  words  are  counted.   From  the 
Illiac  viewpoint,  successive  addresses  coincide  with  every  fifth  drum 
word,  and  the  time  available  for  calculation  is  two  drum  word  times,  or 
1.05  u-s .   Two  and  one-half  additional  tubes  were  required  for  this  change. 

2)  Maintenance  experience  during  the  month  indicates  that  a  faulty 
preamplifier  switch  tube  is  difficult  to  isolate,  since  fifty  switch  tube 
cathodes  are  in  parallel.  It  is  proposed  that  the  preamplifier  chassis 
for  the  final  drum  unit  be  rewired  for  the  2G51  double  triode,  which  is 
more  reliable  than  the  6BQ7  type  now  in  use.  Difficulty  was  also  en- 
countered with  the  pulsers  in  the  drum  unit.  It  was  found  that  the 
triggering  of  the  pulsers  is  a  critical  function  of  both  the  input  wave- 
form and  of  the  individual  6AK5's  within  the  pulsers.  Further  investigation 
of  the  triggering  arrangements  is  required. 

3)  Location  of  preamplifier  output  busses:   It  was  found  that 
signals  on  a  preamplifier  output  bus  connected  to  an  unselected  playback 
amplifier  were  coupled  to  the  input  of  the  selected  preamplifier,  due  to 
the  physical  location  of  the  output  busses.  All  output  busses  have  been 
removed.  A  significant  increase  in  the  gain  tolerance  ratio — from  1.2 
to  1.75-"- was  noted  as  a  result  of  this  wiring  rearrangement. 

VII.  C0IE5TRUCTI0N. 

Additional  parts  of  six  photoelectric  tape  readers  have  been 
made. 

A  test  setup  of  the  photoelectric  tape  comparer  was  completed  and 
checked  out.   Several  wiring  errors  and  several  diagram  errors  were 
found.  Also  several  changes  in  the  logic  and  the  wiring  were  made.  The 
unit  still  makes  occasional  errors  so  no  test  run  for  error- free  time 
has  not  been  made.   It  was  found  that  two  Variacs  were  necessary  due  to 
the  difference  in  the  operating  voltages  of  each  reader. 

A  drum  head  test  circuit,  Dwg.  L6l4,  was  constructed  and  partly 
wired  for  the  drum  group. 
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Other  work  in  the  shop  was  as  follows :  A  8l5-tube  checker  was 
constructed,  wired,  and  checked  out.   800  6j6  and  400  5687' s  were 
checked  both  electrically  and  mechanically.  A  5-tube  test  chassis  for 
the  transistor  group  was  constructed  and  wired.  A  power  distribution 
panel  was  contructed  and  wired  for  the  transistor  laboratory. 

VIII.  REPORTS  AMD  SEMINARS. 

Reports 

"A  Fast  Junction  Transistor  Flipflop  with  Stabilized  Out- 
put Levels"  by  Wolfgang  Poppelbaum,  January  2k f   1955* 

Seminars 

"Random  Numbers  and  Monte  Carlo  Methods,"  J.  P.  Nash, 
January  5>  1955  • 

"Use  of  Monte  Carlo  Techniques  with  Illiac  to  Test  a 
Model  Describing  Human  Behavior,"  Leroy  Augenstine, 
January  12,  1955 • 

"Programming  for  the  Illiac  Drum  Memory,"  James  E. 
Robertson,  January  19  >  1955 • 

IX.  PERSONNEL. 

The  personnel  associated  with  the  group  and  hence  the  contributors 
to  this  report  are: 

Allen,  Guy,  Computer  Operator  I 

Bateman,  Wm.  E.,  Jr.  Electronics  Technician 

Breed,  Charles  P.,  Draftsman 

Carter,  Clifford  E.,  Electronics  Engineer  for  Illiac 

Clark,  Miss  Helen  B.,  Clerk-Stenographer  III 

Clements,  Virgil  F.,  Jr.  Laboratory  Mechanic 

Cole,  Douglas,  l/3-time  Visiting  Asst.  Prof,  of  E.  E. 

Douglas,  Alexander  S.,  Visiting  Asst„  Prof,  of  Math. 

Farrington,  Carl  D.,  l/2  time  Research  Assistant 

Fetzner,  Mrs.  Muriel,  Computer  Teletype  Operator 

Fishel,  Jerome,  l/2  time  Research  Assistant 

Frank,  Werner  L.,  l/2  time  Research  Assistant 

Golub,  Gene  H.,  l/2  time  Research  Assistant 

Gregory,  Robert  T.,  1/2  time  Research  Assistant 

Hill,  Robert  S.,  Student  Assistant 

Huffman,  Wm.  L.,  Computer  Operator  II 
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Kerkering,  Thomas  E„,  Sr.  Laboratory  Mechanic 
Lopeman,  Harold  E.,  Electronics  Engineer  for  Illiac 
McGinnis,  Gerald  A.,  Sr.  Elec.  Technician 
Meagher,  R.  E.,  Chief  Engineer 
Michael,  George  W.,  Administrative  Assistant 
Miller,  Raymond  E„,  1/2  time  Research  Assistant 
Muller,  David  E„,  Res.  Asst.  Prof,  of  Applied  Math. 
Wash,  J.  P.,  Res.  Prof,  of  Applied  Math. 
Newmark,  N.  M.,  Chairman,  Exec.  Comm. 
Ogata,  Albert  I..,  Student  Assistant 
Peck,  George  B.,  l/2  time  Research  Assistant 
Pelg,  Edmund,  Jr.  Electronics  Technician 
Polivka,  Raymond  P.,  l/2  time  Research  Assistant 
Poppelbaum,  W.  J.,  Research  Associate 
Reynolds,  Donald  Q.,  Student  Assistant 
Robertson,  James  E.,  Res.  Asst.  Prof,  of  Elec.  Eng. 
Russell,  Miss  Ramona  J.,  Computer  Operator  I 
Schneberger,  Edward  J.,  l/2  time  Research  Assistant 
Seshu,  Mrs.  Lily,  l/2  time  Research  Assistant 
Stephens,  Allen,  Jr.  Laboratory  Mechanic 
Taub,  A.  H.,  Res.  Prof,  of  Applied  Math. 
Wenta,  Joseph,  Sr,  Electronics  Technician 
Wier,  Joseph  M.,  Research  Associate  (3A  time) 
Yii,  Roland  H.C.,  l/2  time  Research  Assistant 
Yu,  Hwa-Nien,  l/2  time  Research  Assistant 

The  work  of  the  group  is  under  the  administration  of  an  Executive 
Committee  with  the  following  members:  U.  M.  Newmark,  Chairman,  D.  E. 
Muller,  J.  E.  Robertson,  A.  S„  Douglas,  J.  P.  Nash,  A.  H.  Taub,  and 
R.  E.  Meagher. 


R.  E.  Meagheg 
REM/hc 
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UNIVERSITY  OF  ILLINOIS 
GRADUATE  COLLEGE 
DIGITAL  COMPUTER  LABORATORY 


TECHNICAL  PROGRESS  REPORT 
Teaching  and  graduate  research  are 
not,  in  general,  reporter  herein. 


February  1,  1955  -  February  28,  1955 


I.  MATHEMATICAL  RESEARCH  AND  PROGRAMMING-   (This  work  is  supported  in  part 
by  ONR  Task  30.) 
Boolean  Algebra 

A  method  of  handling  part  of  the  synthesis  switching  circuits  using 
implicit  Boolean  functions  has  been  discovered.  This  treatment  has  the  follow- 
ing advantages : 

a)  Transformations  of  the  system  which  preserve  sequencing  properties 
may  be  regarded  as  mathematical  transformations  of  a  single  Boolean 
function  which  completely  describes  the  sequencing  properties  of 
the  circuit. 

b)  A  circuit  having  the  desired  properties  may  be  obtained  from  this 
single  function  by  carrying  out  certain  systematic  manipulations. 

c)  Use  of  this  function  allows  one  to  correct  time  difficulties  (race 
conditions)  which  may  exist  in  a  reduced  circuit  provided  these 
difficulties  are  of  a  particular  type. 

An  internal  report  will  be  prepared  describing  this  material  in 
more  detail. 

Order  Analysis 

A  program  was  written  to  count  order  types  as  they  are  obeyed  in 
an  arbitrary  program.  This  program  also  counts  the  total  number  of  shifts 
of  each  type  and  the  total  number  of  characters  input  and  the  total  number 
of  characters  output.  Several  different  library  programs  have  been  studied 
this  way.  Results  indicate  that  in  the  fast  loops  of  programs  the  arithmetic 
requires  from  two  to  three  times  as  much  time  as  the  red  tape  operations. 

Simultaneous  Equations 

There  has  been  checked  a  linear  algebraic  equation  solver  which, 
with  present  magnetic  drum  capacity  of  20^8  words,  is  limited  to  72  equations. 
The  elimination  method  is  used  and  the  drum  is  referred  to  only  when  necessary. 
That  is,  if  there  are  37  equations  or  fewer,  the  drum  is  not  used  at  all. 
This  technique  speeds  up  solutions  considerably.  The  time  required  for  6k 
equations  is  about  15  minutes. 
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A  routine  for  finding  inverses  and  solving  several  sets  of  linear 
equations  simultaneously  is  being  prepared  and  will  undoubtedly  supersede 
other  equation  solvers  for  certain  classes  of  problems  in  which  only  the 
column  vector  of  constants  is  changed. 

Numerical  Differentiation 

Neville's  interpolation  formula 

(X,  -  X)  t(  v(X)  -  (X,  -  X)  tf  »(x) 

K       \xixo**,xl-  1 1  ■*■       ^xox^***xv' 

f,  dx)  =  i-§ — Sd ?_J — l — 

VxlV*k'  (Xk  -  Xx) 

can  be  used  to  calculate  the  n   derivative  when  f (x)  is  defined  over  the 
equally  spaced  points  x, ,  xp,  .  .  .  ,  x,  .  A  program  for  calculating  f*   (x) 
will  serve  two  purposes:   interpolation  and  differentiation.  The  inter- 
polation is  being  done  essentially  as  in  Library  Routine  II  (67).  The 
interpolation  formula  is  not  being  scaled  since  it  is  reasonable  to  assume 
that  the  function  is  well-behaved  and  that  the  interpolate  will  be  within 
range  if  the  values  at  neighboring  points  are  within  range. 

Random  Numbers 

A  set  of  interconnecting  programs  was  written  for  running  chi- 
square  frequency  tests  on  different  types  of  routines  for  generating  pseudo- 
random numbers.  Several  schemes  for  generating  such  numbers  have  been 
tested,  and  results  are  now  being  interpreted. 

Floating  Address  Routine 

This  drum  program,  a  modification  of  the  Decimal  Ordqr  Input 
(Library  Routine  Xl)  will  recognize  bracketed  symbols  (floating  addresses) 
to  be  used  with  reference  to  words  appearing  sooner  or  later  in  a  given 
program.  It  is  being  prepared  in  several  parts:  (i)  recognition  of  a  floating 
address,  (il)  formation  of  a  list,  (ill)  identification  of  words  with  floating 
addresses,  (IV)  replacement  of  floating  addresses,  (V)  transfer  of  proper  drum 
section  to  Williams  memory,  (VT)  coordination  with  Decimal  Order  Input. 
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II.  ANALYTICAL  PROGRAM.   (This  work  is  supported  in  part  by  NSF  Grant  G-1221.) 

Boundary  Value  Ordinary  Differential  Equations 

The  Sturm-Liouville  differential  equations  are  typical  of  a  large 
class  of  boundary  value  problems  in  ordinary  differential  equations.  These 
equations  are  the  Euler  equations  of  a  problem  in  the  calculus  of  variations . 
This  suggests  that  approximate  solutions  and  approximate  proper  values  corres- 
ponding to  these  solutions  may  be  obtained  by  approximating  the  calculus  of 
variation  problems  and  then  minimizing  the  resulting  quadratic  form.  Work  is 
in  progress  toward  the  determination  of  the  relation  between  this  method  of 
approximating  the  Sturm-Liouville  differential  equations  and  the  more  usual 
method  of  replacing  the  differential  equation  by  a  finite  difference  equation. 
It  was  shewn  earlier  that  the  two  methods  were  equivalent  in  the  first  order 
approximation  case.  The  situation  in  the  second  and  higher  order  approximation 
cases  is  now  being  examined. 

Relativistic  Hydr odynami c s 

The  Einstein  field  equations  for  the  gravitational  field  and  the 
hydrodynamic  field  variables  of  a  perfect  gas  in  the  case  where  plane  or 
spherical  symmetry  attains  have  been  studied.   Special  solutions  have  been 
found.  Methods  for  dealing  with  non-isotropic  flow  as  well  as  isotropic 
flow  were  found.  The  equations  are  being  studied  with  a  view  of  formulating 
them  for  machine  solution. 

Shock  Waves 

Problems  in  stationary  and  pseudo-stationary  flow  with  shock  waves 
present  have  been  reduced  to  Cauchy  problems  with  the  shock  as  the  curve  on 
which  the  Initial  data  is  assumed  given.   The  stability  of  these  Cauchy  problems 
and  the  relation  between  the  shock  curve  and  other  curves  in  the  flow  is  being 
studied. 

III.   LIBRARY  ROUTINES . 

During  February  the  following  three  programs  were  added  to  the  active 
Illiac  library: 
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M  12  (173)        Matrix  Triangularization  and  Computation  of 

Its  Determinant .  Complete  Program. 
Given  any  number  of  properly  scaled  square 
matrices  of  order  up  to  40  this  program  will 
successively  upper  triangularize  and  compute 
the  determinant  of  each. 

C  10  (175)        Combined  Post  Mortem.  80  words. 

Using  the  drum  (so  that  only  words  0,  1,  and 
2  of  the  original  program  are  overwritten) 
this  checking  routine  will  print  selected  sets 
of  10  consecutive  owrds  in  a  manner  chosen  by 
the  user.  Words  may  be  printed  as  fractions, 
integers,  order  pairs,  floating  point  numbers, 
or  sexadecimal  words. 

C  11  (176)        Drum  Order  Pair  Post  Mortem.   35  words . 

This  routine  takes  words  from  10  consecutive 
locations  on  the  magnetic  drum  and  prints  them 
as  order  pairs . 

IV.  MACHINE  USE. 

During  February  20  new  problem  specifications  were  presented, 
and  they  are  given  below.   This  list  does  not  indicate  how  the  Illiac  was 
used  because  large  amounts  of  machine  time  may  have  been  consumed  by  problems 
with  numbers  less  than  k$6.     Numbers  followed  by  T  are  for  thesis  problems. 

^96  T    Economics.  Effects  of  price  change,  retirement,  and  advertising. 
The  polynomial  equation  solved  is  derived  from  a  model  of  the 
national  economy. 

^97  Education.  Calculation  of  validity  coefficients  of  multiple  choice 
items.  Parameters  used  are  probabilities  of  response  to  a  multiple 
choice  item  for  three  criterion  groups . 
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U98    Chemistry.   Computation  of  Patterson  function.   It  is  required  to 
compute  the  double  sum 

J!i2  H    **W>  cos  2*  <  T  +  f   ' 

lj-99    Mechanical  Engineering.  Reduction  of  regenerative  gas  turbine  test 
data  to  basic  parameters. 

500  Computer.  Chi-square  test  for  random  numbers.   The  program  tests 
routines  designed  for  generating  pseudo-random  numbers  by  calculating 
chi-square  for  batches  of  sexadecimal  characters. 

501  Agricultural  Economics.  Multiple  Correlation.   The  least  squares 
method  is  used  to  compute  sums,  zero  order  matrix,  inverse  matrix, 
standardized  regression  coefficients  and  regression  coefficients 
using  up  to  12  variables. 

502  Psychology.  Estimation  of  rank  of  a  matrix.  Three  small  matrices 
will  be  used  to  investigate  a  new  suggestion  for  estimating  the 
psychological  rank  of  a  correlation  matrix,  i.e.,  the  number  of 
"common"  factors  which  can  be  extracted  from  a  matrix. 

503  T  Education.  An  analysis  of  the  internal  structure  of  the  Differential 

Language  Facility  Test.   The  problem  is  to  obtain  a  ik   variable 
correlation  matrix. 

504  Psychology.   Second  order  factorization  of  motivation  factors.   The 
program  plots  some  30  axes  in  graphs,  calculates  the  inverse  of  a 

15  by  15  matrix  and  carries  out  a  principal  components  factorization 
of  the  resultant  matrix. 

505  Psychology.  Factor  analysis  of  meaning.   The  problem  is  aimed  at 
finding  the  factors  in  semantic  space  which  define  meaning.   The 
variables  are  "j6   word  pairs  which  are  opposite  in  meaning  (e.g., 
"good-bad").  The  sample  size  is  2000. 
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506  T  Psychology,  Purdue  University.   Logical  fallacies.   The  problem 

involves  the  principal  axes  solution  of  a  ^O-variable  correlation 
matrix . 

507  Theoretical  and  Applied  Mechanics.   Stresses  in  conical  shells. 
Stress  solutions  are  found  "by  expressing  second  order  Kelvin  functions 
in  terms  of  products  of  exponential  functions,  trigonometric  functions 

and  rapidly  converging  series . 

508  Physics.  Particle  motion.  The  problem  is  to  solve  the  pair  of  simul- 
taneous differential  equations  which  describes  the  motion  of  a  particle 
in  a  synchrotron  which  has  ridged  magnets  to  form  an  alternating 
gradient. 

509  Psychology.  Factor  analysis.  A  23  by  23  matrix  has  elements  which 
are  intercorrelations  of  structural  elements  of  expression  in  reading 
material  (such  as  number  of  polysyllables,  number  of  first  person  pro- 
nouns, etc.).  Analysis  may  reduce  the  23  variables  to  a  smaller  number 
and  aid  design  and  execution  of  experiments  to  determine  their  influence 
in  reading  difficulty. 

510  Agronomy.   Split  plot  analysis  of  variance.  The  program  will  be  used 
on  agricultural  yield  data. 

511  State  Water  Survey.   Variation  of  rainfall  with  distance.   The  problem 
is  to  use  statistical  techniques  to  determine  an  empirical  regression 
equation  which  can  be  used  to  predict  or  estimate  the  standard  error 
in  rainfall  estimates  at  various  distances  from  a  fixed  rain  gauge 
location. 

512  Mechanical  Engineering.  Predicting  hardenability  of  steel  from  its 
chemical  contents.  The  statistical  routines  of  the  program  library 
are  used  to  obtain  regression  weights,  standard  error,  and  multiple 
correlation. 
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513  Psychology.  Aptitude  of  mechanics.   The  problem  is  to  perform  factor 
analysis  upon  aptitude,  morale  and  job-knowledge  tests  given  to  500 
aircraft  mechanics . 

514  Computer.  Analysis  of  order  types.  An  interpretive  routine  counts 
the  number  of  times  each  order  type  is  obeyed  in  an  arbitrary  program. 

515  Computer.  Matrix  inversion.  This  is  a  test  for  a  new  matrix  inversion 
routine. 

Table  I  shows  distribution  of  machine  time  for  February. 

TABLE  I 

Regular  Maintenance  and  Illiac  Engineering       48:38 
(usually  8:00  A.M.  -  12:00  N) 

Unscheduled  Maintenance  or  Repair  14:28 

Drum  Engineering  27:44 

R.A.R.  5:54 

Leapfrog  47:47 

Wasted  :51 

Computer  Use  by  Departments 

Computer  Group  27:05 

Physics  16:15 

C.S.L.  51:38 

Struct.  Res.  8:35 

Struct.  Res.  (AF  24994)  21:24 

Struct.  Res.  (Nobs  62250)  117:49 

Psychology  2:4l 

Psychology  (AP  25726  A)  8:07 

Electrical  Eng.  22:19 

Chemistry  39:08 

Agriculture  13:02 

Cosmotron  11:09 

Indiana  University  :55 

Purdue  University  :25 

Harvard  University  :09 

Miscellaneous  l6:47 

Demonstrations  1:30 

Total  504:20 
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V.   ERROR  FREQUENCY  AND  ANALYSIS. 

The  machine  is  normally  used  for  "engineering"  and  maintenance 
"between  8:00  A.M.  and  12:00  N,  and  for  a  check  of  its  performance  "between 
5:00  and  5*30  P.M.  of  each  weekday.   Since  the  periods  "between  8:00  A.M. 
and  noon,  together  with  certain  irregular  periods  like  Saturdays  and 
Sundays,  are  devoted  to  a  heterogenous  group  of  functions,  it  is  more 
instructive  from  an  error  analysis  standpoint  to  look  at  the  periods  "be- 
tween noon  and  8:00  A.M.  of  the  next  day  in  order  to  make  an  observation 
of  the  error  frequency  in  the  machine.   This  is  the  actual  period  when 
the  machine  is  designated  for  use.  With  this  in  mind,  a  summary  table 
has  been  prepared  using  the  period  between  noon  and  8:00  A.M.  of  the  next 
day.  This  table  lists  the  running  time  when  the  machine  was  operating, 
the  amount  of  time  devoted  to  repairs  because  of  breakdowns,  and  the  number 
of  failures  while  the  machine  was  listed  as  running.  During  the  5:00-5*30  P»M. 
period  (when  the  machine  is  checked)  if  no  errors  are  found,  the  time  is  given 
to  the  "running  column."  Each  failure  was  considered  to  have  terminated  a 
running  period  and  was  followed  by  a  repair  period  in  preparing  this  table. 
Since  the  leapfrog  code  is  our  most  significant  machine  test,  the  length 
of  time  which  it  has  been  used  on  the  machine  is  listed  separately  together 
with  the  number  of  errors  associated  with  that  particular  code.  This  informa- 
tion for  the  month  is  presented  in  Table  II. 

It  is  important  to  notice  that  any  interruption  of  machine  time 
that  was  not  planned  for  is  considered  a  failure  in  this  table.   In  rare 
cases  where  the  failure  is  not  known  until  a  later  time,  it  is  possible 
that  no  repair  period  is  associated  with  the  failure.  This  overall  system 
has  been  adopted  because  it  makes  it  possible  for  a  machine  user  to  estimate 
directly  the  probability  that  the  machine  will  be  "running"  at  any  instant 
of  time  and  the  probability  of  a  failure  during  any  given  interval  of  running 
time. 
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VI.   COMMENTS  ON  TEE  ILLIAC  AND  RELATED  FACILITIES. 

The  drum  unit  using  the  present  drum  and  a  capacity  of  2C48  words 
has  been  operating  most  of  the  time  with  the  Illiac.   It  was  necessary  to 
check  tubes  in  the  drum  unit  and  209  tubes  were  changed  during  the  checking 
period.   This  is  the  first  time  tubes  have  been  checked  in  the  drum  for  some 
time. 

The  photoelectric  tape  comparer  unit  has  been  made  to  operate  satis- 
factorily and  arrangements  are  being  made  to  put  it  in  the  Teletype 
Room.  A  report  concerning  its  operation  has  been  prepared  and  should  be 
read  by  each  user. 

Work  has  continued  to  make  the  60-character  per  second  Teletype 
punch  operate  from  the  present  Illiac  circuits.   The  punch  has  not  yet 
operated  satisfactorily  because  the  punch  magnets  and  the  feed  magnet 
require  operation  and  release  times  which  cannot  be  provided  for  both  types 
of  magnets  at  the  same  time . 

The  set  of  Teletype  parts  to  modify  a  transmitter-distributor  for  10 
characters  per  second  was  received  late  in  February.   This  set  of  parts  is 
now  being  assembled  and  installed  in  a  new  transmitter-distributor.   This 
transmitter-distributor  will  be  used  with  the  new  Model  28  printer.  Other 
maintenance  and  repair  work  on  the  tape  preparation  equipment  included  con- 
siderable overhaul  and  adjustment  of  the  tape  comparers.  A  relay  circuit 
has  been  installed  on  one  transmitter- distributor  to  allow  reading  of  the 
tape  one  character  at  a  time.   This  is  now  being  used  and  tested  on  a  reper- 
forator reader  combination. 

VII.  RESEARCH  ON  COMPUTER  COMPONENTS.   (This  work  is  supported  in  part  by 
ONR  Contract  N6ori-O7124. ) 

High-Speed  Vacuum  Tube  Circuits 

A  study  has  been  started  of  vacuum  tube  computer  circuits  with 
operation  times  of  about  10"  seconds.   Some  comments  about  similar  high- 
speed circuits  were  obtained  from  Mr.  Grisamore  of  George  Washington  University 
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where  an  ONR  contract  has  supported  high-speed  work  suggested  by  J.  von  Neumann. 
A  tube  with  an  electron  multiplier  electrode  has  some  desirable  characteristics 
and  one  made  by  Philips  with  the  type  number  EFP60  is  an  example.   This  tube 
is  of  the  pentode  type  with  a  secondary  emission  electrode  placed  between  the 
suppressor  and  the  plate.   This  electrode  is  used  as  an  electron  multiplier 
to  obtain  a  large  trans conductance  without  a  corresponding  increase  in  tube 
output  capacity.  A  number  of  test  circuits  were  built  using  this  tube.  A 
bistable  circuit  can  be  made  by  connecting  the  anode  to  some  suitable  positive 
voltage,  the  screen  grid  to  about  150  volts,  the  suppressor  to  the  cathode, 
the  control  grid  to  ground,  the  cathode  to  ground  through  a  biasing  resistor, 
and  the  secondary  emission  to  ground  through  a  resistor.   This  circuit  exhibits 
two  stable  states,  one  with  the  dynode  at  cathode  potential  and  one  with  it  near 
anode  potential.  When  the  dynode  is  near  cathode  potential,  the  secondary 
emission  ratio  is  below  one  and  the  dynode  charges  negatively  toward  cathode 
potential.   If  the  dynode  is  at  a  potential  high  with  respect  to  the  cathode 
by  a  sufficient  amount  (greater  than  about  25  volts)  the  secondary  emission 
ratio  is  greater  than  one  and  the  dynode  charges  positively  to  the  neighbor- 
hood of  the  anode.   Such  a  flipflop  is  very  stable  with  respect  to  wide 
variations  in  all  of  the  electrodes  and  will  even  operate  with  a  low  resistance 
short  between  any  pair  of  elements  excluding  the  dynode.   Since  it  has  but 
one  moving  point,  its  operation  is  very  fast  since  once  that  point  is  moved 
to  the  neighborhood  of  one  of  the  stable  states,  the  gating  operation  is 
complete,  no  series  charging  chain  being  present  as  with  the  Eccles-Jordan 
circuit.   It  suffers  from  the  disadvantage  that  it  requires  a  more  or  less 
special  tube  and  that  there  is  no  complementary  output. 

While  operating  this  tube,  it  was  decided  that  it  should  be 
possible  to  utilize  the  secondary  emission  properties  of  the  anode  of  a  pentode 
or  tetrode  to  achieve  the  same  effect.  A  6AU6  was  wired  to  be  used  in  this 
way  with  the  grid  and  cathode  grounded,  the  screen  and  suppressor  tied  to 
+150  volts  and  the  plate  tied  to  ground  through  a  100K  ohm  resistor.   This 
circuit  operates  as  predicted  with  the  plate  having  the  two  stable  states, 
one  near  the  150-volt  suppressor  voltage  and  one  at  cathode  potential.   It 
was  found,  however,  that  since  the  various  tube  manufacturers  try  to  suppress 
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secondary  emission  from  the  plate,  this  element  does  not  have  a  secondary- 
emission  ratio  much  above  one  in  any  voltage  range  tried,  although  some  manu- 
facturers are  more  successful  in  suppressing  this  quantity.  With  a  sufficiently 
large  plate  resistor,  however,  all  tubes  tried  would  operate  with  two  stable 
states.  Unfortunately  this  circuit  mistreats  the  screen  and  suppressor  electrodes 
since  a  large  amount  of  current  must  flow  to  these  elements  to  get  enough  current 
to  the  plate  to  operate  the  tube  with  a  reasonably  low  value  of  plate  resistance. 

As  a  point  of  interest,  two  flipflops  of  this  general  class  were  built 
in  one  double  triode  bottle  by  using  the  plates  as  secondary  emitters  and  the 
grids  as  collectors,  operating  at  +150  volts.  The  filament  voltage  was  reduced 
to  limit  the  currents.  This  circuit  operated,  but  it  was  very  sensitive  to  the 
filament  voltage  since  the  tubes  were  operated  with  the  cathode  currents  tempera- 
ture limited. 

The  various  circuits  were  tested  for  turnover  speed  by  rather  crude 
methods.  It  was  found  possible  to  turn  the  EFP60  flipflop  over  by  pulling  up 
on  the  dynode  with  a  pulse  no  longer  than  50  millimicroseconds .   It  could  also 
be  set  in  the  opposite  direction  in  the  same  time  by  pulling  down  on  the  control 
grid.  These  were  not  the  lower  limits  of  operation  time  but  were  merely  the 
points  at  which  the  pulse  equipment  used  ceased  to  generate  shorter  pulses.  The 
6AU6  flipflop  was  set  to  the  positive  state  by  using  a  manually  operated  switch- 
capacitor  discharge  pulse  generator.   This  circuit  was  calculated  to  produce 
pulses  not  longer  than  10  millimicroseconds.   These  reliably  operated  the  flip- 
flop  through  a  gate  tube.  No  gate  was  built  for  setting  the  flipflop  to  the 
negative  state  although  pulling  down  in  a  similar  manner  should  do  the  job. 
The  EFP60  tube  flipflop  was  not  tried  with  this  gate,  although  it  seems  fairly 
obvious  that  it  also  could  be  gated  in  the  same  way  at  the  same  speeds. 

Direct-Coupled  Transistor  Circuits 

The  main  concern  of  the  transistor  group  during  the  month  has 
been  the  4-bit  double  shifting  register.  When  first  tried  the  shifting  register 
was  not  reliable  because  of  noise  from  power  lines .  After  putting  RF  filters 
into  the  power  supply  and  using  a  certain  amount  of  shielding  very  satisfactory 
results  were  obtained.   In  particular  a  l^O-hour  error-free  run  was  made,  the 
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gates  being  open  for  10  microseconds  and  the  dead  time  being  of  the  same  order. 
In  practice  gating  times  of  3  microseconds  did  not  seem  to  cause  any  particular 
trouble  even  when  the  relatively  slow  diodes  HD  206l  were  used  in  the  gates. 

In  the  line  of  the  simplification  program  started  last  month,  a  two- 
transistor  flipflop  has  been  developed.   This  flipflop  is  essentially  a  radical 
simplification  of  the  original  npn-pnp  circuit.   It  has  many  of  its  advantages 
(high  input  impedance,  low  output  impedance,  a  turnover  time  of  the  order  of 
1  microsecond),  but  it  has  not  the  self ^balancing  properties  of  the  four  transistor 
design.  Furthermore  the  tolerances  are  much  smaller. 
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VIII.   CONSTRUCTION. 


A  Two- Trans is tor  Flipflop 


The  status  of  the  6  new  readers  is  as  follows:  All  98  parts  for  each 
reader  have  been  started  and  all  but  3  of  these  have  been  completed.   The  brake 
shoe  guide  and  the  tape  guide  are  in  process  now.  They  have  been  finished  up  to 
the  milling  of  the  Tee  slot.  Some  of  the  readers  should  be  assembled  and  wired 
in  the  following  month.   It  has  been  decided  to  change  the  method  of  mounting  the 
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drive  arm  coils,  to  allow  the  adjusting  of  them  to  be  made  from  the  outside  of 
the  reader.   This  change  can  be  made  anytime  so  it  will  not  hold  up  the  completion 
of  the  readers . 

Time  has  been  spent  on  trying  to  find  the  cause  of  errors  in  the  present 
readers . 

Changes  were  made  in  the  circuits  of  the  photoelectric  tape  comparer 
units.  A  temporary  cover  will  be  installed  on  the  unit  and  it  will  be  set  up 
in  the  Teletype  Room  for  trial  and  comments  before  the  final  unit  will  be  made 
up. 

The  record  amplifier  CF  chassis  for  the  final  drum  unit,  Dwg.  M  59^ , 
has  been  completed  and  wired,  and  is  now  ready  for  checking.  A  new  word  counter 
has  also  been  built  for  the  final  drum  unit,  and  the  wiring  is  nearly  completed. 
It  is  a  l/2  bay  8  gang  chassis.   This  will  take  the  place  of  l/2  bay  6  gang  bay 
chassis  and  2  l/2  bay  1  gang  chassis  now  used.   This  is  to  cut  down  on  the  vertical 
height  the  word  counter  uses  in  the  final  unit.   The  drum  head  tester,  Dwg.  M  6l4, 
was  completed  and  a  plug  was  installed  in  the  drum  test  unit  for  the  head  tester 
power  and  signal  supply;  a  5-"tube  experimental  chassis  was  also  built  and  wired 
for  the  drum  group. 

A  battery  charger  panel  was  constructed  and  wired  for  transistor  group 
work.  A  transistor  parameter  tester  chassis  was  constructed  and  wired.  A  small 
3-tube  experimental  chassis  was  built  and  wired.  A  3'xl-l/2'xl-l/2'  screen-wired 
shield  wood- frame  box  was  constructed. 

The  main  design  of  the  final  drum  unit  has  been  completed.   There  are 
three  drawings  available  which  give  all  the  main  and  general  details  of  the  unit, 
with  and  without  covers,  such  as  the  overall  dimensions,  location  of  all  circuits, 
and  large  components.   The  items  left  to  be  designed  include  small  things  such  as 
air  panel,  lock  open  hinges,  two  door  hinges,  some  small  mounting  brackets,  etc.. 
Several  detailed  drawings  for  about  twenty  different  parts  have  been  finished. 

IX.  REPORTS  AM)  SEMINARS. 

Seminars 

"Basic  Principles  of  Junction  Transistors  and  Fast  DC- 
Coupled  Computer  Circuits  Using  Junction  Transistors" 
by  W.  J.  Poppelbaum,  February  2,  1955 • 
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"Fast  DC-Coupled  Junction  Transistor  Circuits" 
by  W.  J.  Poppelbaum,  February  9,   1955- 

"Processing  Statistical  Data  by  the  Illiac" 
by  W.  C.  Jacob,  February  l6,  1955- 

"Stiefel's  Methods  for  Solving  Linear  Equations" 
by  A.  H.  Taub,  February  23,  1955- 


Reports 


Internal  Report  No.  6l,  "Computer  Design  Study: 
Access  Time"  by  A.  S.  Douglas 

"Operator's  Manual  for  the  Illiac"  by  W.  L.  Huffman 

"Voltage-Drop  Compensators  for  DC-Microammeters" 
by  W.  J.  Poppelbaum,  submitted  to  RSI. 


X.  PERSONNEL. 

The  personnel  associated  with  the  group  and  hence  the  contributors 
to  this  report  are: 

Allen,  Guy,  Computer  Operator  I 

Bateman,  Wm.  E„,  Jr.  Electronics  Technician  (Term.  March  3°) 

Breed,  Charles  P.,  Draftsman 

Carter,  Clifford  E.,  Electronics  Engineer  for  Illiac 

Clark,  Miss  Helen  B.,  Clerk- Stenographer  III 

Clements,  Virgil  F.,  Jr.  Laboratory  Mechanic 

Cole,  Douglas,  l/3  time  Visiting  Asst.  Prof,  of  E.  E. 

Douglas,  Alexander  S»,  Visiting  Asst.  Prof,  of  Math. 

Eadie,  Miss  Iva  Jean,  Student  Assistant  (Started  Feb.  28) 

Farrington,  Carl  D.,  1/2  time  Research  Assistant 

Fetzner,  Mrs.  Muriel  P.,  Computer  Teletype  Operator 

Fishel,  Jerome,  l/2  time  Research  Assistant 

Frank,  Werner  L.,,  l/2  time  Research  Assistant 

Golub,  Gene  H.,  l/2  time  Research  Assistant 

Gregory,  Robert  T.,  l/2  time  Research  Assistant 

Hill,  Robert  S.,  Student  Assistant 

Huffman,  Wm.  L.,  Computer  Operator  II 

Kerkering,  Thomas  E.,  Sr.  Laboratory  Mechanic 

Lopeman,  Harold  E.,  Electronics  Engineer  for  Illiac 

McGinnis,  Gerald  A.,  Sr.  Electronics  Technician 

Meagher,  R.  E.,  Chief  Engineer 

Michael,  George  W.,  Administrative  Assistant 
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Miller,  Raymond  E„,  1/2  time  Research  Assistant 
Muller,  David  E.,  Res.  Asst.  Prof,  of  Applied  Math. 
Nash,  J.  P.,  Res.  Prof,  of  Applied  Math. 
Newmark,  N.  M.,  Chairman,  Exec.  Coram. 
Ogata,  Albert  I.,  Student  Assistant 
Pelg,  Edmund,  Jr.  Electronics  Technician 
Polivka,  Raymond  P.,  1/2  time  Research  Assistant 
Poppelbaum,  W.  J.,  Research  Associate 
Reynolds,  Donald  Q.,  Student  Assistant 
Robertson,  James  E.,  Res.  Asst.  Prof,  of  Elec.  Eng. 
Russell,  Miss  Ramona  J.,  Computer  Operator  I 
Schneberger,  Edward  J.,  l/2  time  Research  Assistant 
Seshu,  Mrs.  Lily,  l/2  time  Research  Assistant 
Stephens,  Allen,  Jr.  Laboratory  Mechanic 
Taub,  A.  H.,  Res.  Prof,  of  Applied  Math. 
Wenta,  Joseph,  Sr.  Electronics  Technician 
Wier,  Joseph  M.,  Research  Associate  (3A  time) 
Yii,  Roland  H.C.,  l/2  time  Research  Assistant 
Yu,  Hwa-Nien,  l/2  time  Research  Assistant 

The  work  of  the  group  is  under  the  administration  of  an  Executive 
Committee  with  the  following  members:   K*  M.  Kewmark,  Chairman,  D.  E.  Muller, 
J.  E.  Robertson,  A.  S.  Douglas,  J.  P.  Wash,  A.  H.  Taub,  and  R.  E.  Meagher. 


£ 


R.  E.  Meagher 
REM/hc 
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UNIVERSITY  OF  ILLINOIS 

GRADUATE  COLLEGE 

DIGITAL  COMPUTER  LABORATORY 


TECHNICAL  PROGRESS  REPORT 
Teaching  and  graduate  research  are 
not,  in  general,  reported  herein. 


March  1  -  March  31,  1955 


I.   MATHEMATICAL  RESEARCH  AND  PROGRAMMING.   (This  work  is  supported  in  part 
by  Task  30.) 

Boolean  Algebra 

Further  work  has  been  done  in  connection  with  the  treatment  of 
dynamic  switching  circuits.  A  process  analogous  to  differentiation  may 
be  applied  to  Boolean  functions  which  represent  time  dependent  variables. 
A  function 

y  —  ^'X()>  X]_>  '  *  *  >    x-n-i^ 
may  be  differentiated  to  yield  a  new  function 

Ay  =  g(xQ,  x±,    .  .  .  ,  x   ,  AXq,  AXl,  .  .  -Ax   ) 

The  condition  that  y  shall  not  be  subject  to  race  conditions  turns  out  to 

be  equivalent  to  the  statement  that  g  is  a  monotonic  (or  frontal)  function 

of  Ax  ....  Ax  n.   If  different  appearances  of  the  same  variable  in  f 
o'         p-1  *l 

are  treated  as  different  variables  in  forming  g  one  takes  into  account  the 
possibility  of  race  conditions  which  are  purely  internal  to  f .  This  is 
the  first  necessary  and  sufficient  condition  which  has  been  obtained  which 
appears  to  be  usable  in  practice. 

Extension  of  the  analysis  of  the  complexity  of  combinational  cir- 
cuits has  been  carried  out.  In  Internal  Report  No.  k6   the  formula 

\f<   E(P)  <   *2*V 

was  shown  to  limit  the  maximum  complexity  of  a  single  output,  p  input  com- 
binational circuit.   (The  constants  K,  and  YL   depend  on  the  definition  of 
complexity  which  is  chosen  and  the  basic  set  of  decision  elements.)  This 
formula  has  now  been  sharpened  to 


f  <«<>>  <-  h  f 


It  seems  likely  that  a  similar  formula  can  be  obtained  for  the  p  input, 
q  output  case  but  the  proof  has  not  been  completed  yet. 
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Data  Processing 

The  large  use  of  Library  Routine  K  2  which  calculates  means, 
standard  deviations,  product  moment  correlations,  variances  and  covariances, 
has  made  it  desirable  to  prepare  a  version  which  uses  the  magnetic  drum. 
This  is  now  being  done,  and  the  method  of  scaling  certain  quantities  is 
being  improved  at  the  same  time. 

Random  Numbers 

A  routine  for  generating  random  numbers  by  a  method  which  is  a 

modification  of  one  recommended  by  Tocher  has  been  written.   This  routine 

passed  the  preliminary  tests  for  randomness  very  well  and  has  the  advantage 

over  the  middle-of-the-square  method  now  in  use  that  the  sequence  of  numbers 

obtained  is,  for  all  practical  purposes,  endless.  The  routine  is  also  three 

times  faster  than  the  middle-of-the-square  routine.  Frequency  chi-square 

tests  and  poker  tests  on  both  routines  have  been  run  on  a  comparative  basis 

in  anticipation  of  an  internal  report. 

It  has  been  noted  that  since  the  process  by  which  the  random  numbers 

are  generated  is  reversible,  the  sequence  of  numbers,  being  finite,  must 

form  a  single  continuous  loop.   It  is  conjectured  that  this  fact  gives 

assurance  of  a  relatively  longer  sequence,  and  information  about  this  and 

similar  properties  of  the  process  are  being  sought.   The  problem  can  be 

formulated  as  that  of  finding  the  matrix  A  and  the  vector  v,  over  the 

ring  of  integers  modulo  2   ,  such  that  m  in  the  equation 

Am 
vA  =  v 

is  a  maximum. 

Linear  Systems 

A  complete  program  is  being  tested  for  inverting  matrices  or  for 
solving  the  matrix  equation  AX  =  B.   This  program  uses  electrostatic  storage 
only  and  is  limited  to  inverting  matrices  of  order  22  or  less  and  to  solving 
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equations  with  nm  +  n(n+l)/2  +  n  +  m  <  842,  where  A  is  of  size  (n  x  n)  and 
B  of  size  (n  x  m).   A  possible  case  is  n  =  30>  m  =  11 • 

The  conjugate  gradient  method  of  solving  simultaneous  equations  is 
being  considered  for  use  in  solving  systems  in  which  there  are  large  numbers 
of  zero  coefficients  so  that  it  will  be  possible  to  take  advantage  of  marking 
techniques  for  coefficient  storage. 

Floating  Address  Routine 

Parts  II  and  III  and  part  of  part  VI  as  described  in  the  last  report 
have  been  written  and  part  IV  is  now  being  prepared. 

Numerical  Differentiation 

A  reformulation  of  the  equations  used  in  Neville's  interpolation 
formula  permits  much  better  accuracy  than  does  direct  use  of  the  original 
equations.   There  is  still  some  question  about  which  of  two  options  will 
be  selected,  and  this  will  be  decided  as  the  actual  programming  develops. 

Programming  Manual 

A  third  printing  of  Illiac  Programming  is  being  prepared.   This 
printing  includes  a  new  chapter  on  checking. 

II.   ANALYTICAL  PROGRAM.   (This  work  is  supported  in  part  by  NSF  Grant  G-1221.) 

Work  on  differential  equations  of  the  Sturm-Liouvilie  type  is  con- 
tinuing along  the  lines  described  in  the  report  for  February,  1955-  A  method 
has  been  found  for  approximating  the  Lagrangean  integral  leading  to  the 
Sturm-Liouvllle  differential  equations  such  that  the  resulting  difference 
equations  are  a  second  order  approximation  to  these  differential  equations. 
It  is  planned  to  make  some  numerical  experiments  to  test  the  accuracy  of 
this  and  other  related  methods  for  solving  the  Sturm-Liouville  differential 
equations . 
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III.   LIBRARY  ROUTINES . 

During  March  the  following  program  was  added  to  the  active  Illiac 
Library: 

0  6  (177)        Punch  to  Cathode  Ray  Tube  Conversion  Program. 

175  +  3n  words.   This  program  displays  on  the 
cathode  ray  tube  output  material  which  has  been 
programmed  for  the  printer.  Blocking  orders 
are  placed  in  all  words  containing  punch  orders 
(assumed  to  be  n  in  number)  and  it  is  possible  to 
display  a  format  identical  to  one  programmed  for 
printer  output  subject  to  a  limitation  of  36 
characters  per  line.   Speed  is  about  4  5  characters 
per  second. 

IV o   MACHINE  USE. 

During  March  2h   new  problem  specifications  were  presented  as  given 
below.   This  list  does  not  indicate  how  the  Illiac  was  used  because  large 
amounts  of  machine  time  may  have  been  consumed  by  problems  with  numbers  less 
than  516.  Numbers  followed  by  T  are  for  thesis  problems. 

516  Psychology.  A  study  of  the  semantic  factor  structure  of  normal, 
neurotic  and  multiple  personalities .  The  data  will  be  analyzed 
through  product  moment  correlations,  principle  components,  factor 
analysis,  and  quartimax  rotation  of  axes. 

517  Agricultural  Economics .   Input-output  analysis.   Leontief's  input- 
output  analysis  is  used  to  study  aggregate  data  for  five  sectors  of 
the  economy  including  two  sectors  of  agriculture  which  are  set  up 
into  a  table  of  resource  flows  among  the  factors . 

518  Electrical  Engineering.   Theoretical  homing  system.  Performance 
calculations  are  made  for  certain  ideal  antennas  when  they  are 
operating  in  a  system  which  is  designed  for  aircraft  homing. 
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519  Agronomy,,   Sum  check  for  data  tapes.   This  program  provides  a  sum 
check  for  data  tapes  prepared  for  use  with  randomized  block  analysis 
programs . 

520  T  Physics.   Stored  energy.   This  program  is  one  of  reduction  of  data 

obtained  in  the  study  of  stored  energy  in  the  cold-working  of  copper 
with  a  temperature  range  from  that  of  liquid  nitrogen  to  room  tempera- 
ture. 

521  Animal  Science.   Cross-breeding,  creep-feeding  and  pasture  effects  on 
gilts  and  litters.   This  program  uses  library  routines  for  solving 
linear  algebraic  equations  and  inverting  matrices  in  order  to  analyze 
the  data . 

522  Institute  of  Communications  Research.  Factor  analysis  of  distance 
relations  among  semantic  judgments .   This  problem  is  concerned  with 
an  experiment  in  familiarity  relations  among  semantic  judgments  and 
uses  the  principle  axes  method  of  analysis. 

523  Control  Systems  Laboratory.  Definite  integral.   Simpson's  rule  is 
used  with  the  floating  point  routine  to  evaluate  a  complicated  definite 
integral  involving  modified  Bessel  functions. 

52^    Physics.   Sodium  Vacancy.   The  radial  part  of  the  Schroedinger  equation 
for  a  repulsive  potential  in  a  self-consistent  field  is  solved. 

525    Institute  of  Communications  Research.  Factor  of  F-scale  items.   The 
principle  components  of  the  correlation  matrix  for  29  items  on  the 
F-scale  are  found. 
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526  T  Electrical  Engineering-   Transient  response  of  a  second-order  servo- 

mechanism  with  friction-controlled  backlash.   The  computation  is  for 
a  system  which  is  under-damped  for  all  values  of  the  parameters  being 
varied.   This  type  of  non-linear  servo  obeys  one  of  four  linear 
differential  equations  depending  on  the  values  of  the  dependent  variables 
and  the  past  history  of  the  system. 

527  Physics.  Analysis  of  scattering  data.   The  program  takes  second 
differences  of  data  for  single  and  multiple  cells,  adds  their  absolute 
values  and  eliminates  from  the  mean  all  the  individual  readings  greater 
than  four  times  the  mean. 

528  T  Physics.   Photonuclear  cross-section  analysis.  The  program  computes 

Bremsstrahlung  parts  and  calculates  a  matrix  operator  for  obtaining 
photonuclear  cross-sections.   The  results  are  then  used  to  calculate 
weighting  functions  to  describe  a  solution  given  by  the  matrix  operator. 

529  Animal  Science.  Methods  of  feeding  swine.   Simultaneous  equations  and 
matrix  inversion  routines  are  used  to  analyze  experimantal  data. 

530  Education.   Sequential  analysis.   The  general  problem  is  to  specify 
how  to  select  persons  using  a  test  where  the  test  may  be  given  re- 
peatedly to  doubtful  cases  until  a  decision  is  reached.   It  is 
desired  to  find  the  optimum  procedure  for  any  given  selection  ratio 
and  cost  of  testing. 

531  Institute  of  Communications  Research.   Quartimax  rotation. 

532  Bureau  of  Educational  Research.   Intercorrelation  of  social  perception 
measures.   Teacher  and  class  characteristics  of  ^th,  5th,  and  6th 
grades  of  an  Illinois  city  are  intercorrelated.   Scores  for  103  teachers 
were  obtained  on  38  variables . 
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533    Structural  Research.   Natural  frequencies  and  mode  shapes  of  a  shear 
beam  with  equal  masses. 

53^    Psychology.  Multiple  correlation.   The  problem  is  to  determine  from 

15  predictors  using  multiple  correlation,  the  best  combination  of  pre- 
dictors to  give  the  most  accurate  prediction  of  9  criteria  variables. 

535  T  Structural  Research.  Lateral  buckling  of  beams.  Finite  differences 

and  a  successive  approximation  method  are  used  to  solve  integro- 
differential  equations  having  boundary  equations  involving  eigenvalues. 
Both  the  eigenvalue  and  its  square  are  involved. 

536  Psychology.  Reliability  of  pattern  classification.  Two  binary  agree- 
ment pattern  analyses  are  computed,  one  for  a  sample  of  5^  "good" 
mechanics,  and  the  other  for  46  "poor"  mechanics.  Results  are  com- 
pared with  results  previously  obtained  by  the  same  procedure  in  order 
to  estimate  the  reliability  of  classification  of  individuals  with  this 
method. 

537  T  Education.   Correlates  of  favorable  perception  of  teachers.   Data 

concerning  the  favorability  of  children's  perceptions  of  their  teachers 
have  been  gathered  from  children  in  20  classroom  groups.   By  concurrent 
testing  data  have  been  obtained  from  the  same  children  on  a  number  of 
other  variables .  The  problem  involves  obtaining  product  moment  corre- 
lations, means  and  standard  deviations  of  2.k   variables  for  each  of 
these  20  groups . 

538  Institute  for  Research  on  Exceptional  Children.   Characteristics  of 
brain-injured  children.  Pearson's  correlation  matrix  and  statistical 
analyses  are  obtained  to  determine  the  characteristics  of  brain- 
injured  children. 
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539    Agronomy.   Predicting   double-cross  performance.   By  use  of  performance 
data,  it  is  possible  to  predict  the  outcome  of  630  double-crosses.   The 
program  carries  out  the  selection  of  cross  combinations  and  calculates 
the  predicted  values . 

Table  I  shows  distribution  of  machine  time  for  March. 


TABLE  I 

Regular  Maintenance  and  Illiac  Engineering  60:53 
(usually  8:00  A.M.  -  12:00  l) 

Unscheduled  Maintenance  or  Repair  9»52 

Drum  Engineering  klzk6 

R.A.R.  4:50 

Leapfrog  kg : kk 

Wasted  :33 

Computer  Use  by  Departments 

Computer  Group  29:03 

Classes  13^36 

Physics  36:05 

C.S.L.  63:25 

Structural  Research  23:l8 

Structural  Research  (AF  24944)  66:51 

Structural  Research  (Nobs  62250)  l8:04 

Psychology  11:54 

Psychology  (AF  25726a)  11:39 

Education  7:05 

Electrical  Engineering  7:40 

Chemistry  22:00 

Agriculture  19:21 

Cosmotron  48 : 50 

Purdue  University  1:20 

Indiana  University  2:23 

University  of  Illinois  Medical  College  2:09 

Demonstrations  12:12 

Miscellaneous  l4:42 

Total  579:15 
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V.   ERROR  FREQUENCY  AND  ANALYSIS. 

The  machine  is  normally  used  for  "engineering"  and  maintenance 
between  8:00  A.M.  and  12:00  N,  and  for  a  check  of  its  performance  be- 
tween 5;00  and  5° 30  P.M.  of  each  weekday.   Since  the  periods  between 
8:00  A.M.  and  noon,  together  with  certain  irregular  periods  like  Satur- 
days and  Sundays,  are  devoted  to  a  heterogeneous  group  of  functions,  it 
is  more  instructive  from  an  error  analysis  standpoint  to  look  at  the 
periods  between  noon  and  8:00  A.M.  of  the  next  day  in  order  to  make  an 
observation  of  the  error  frequency  in  the  machine.   This  is  the  actual 
period  when  the  machine  is  designated  for  use.  With  this  in  mind,  a 
summary  table  has  been  prepared  using  the  period  between  noon  and  8,° 00  A.M. 
of  the  next  day.   This  table  lists  the  running  time  when  the  machine  was 
operating,  the  amount  of  time  devoted  to  repairs  because  of  breakdowns, 
and  the  number  of  failures  while  the  machine  was  listed  as  running.   During 
the  5 : 00- 5 : 30  P.M.  period  (when  the  machine  is  checked)  if  no  errors  are 
found,  the  time  is  given  to  the  "running  column."  Each  failure  was  con- 
sidered to  have  terminated  a  running  period  and  was  followed  by  a  repair 
period  in  preparing  this  table.  Since  the  leapfrog  code  is  our  most  sig- 
nificant machine  test,  the  length  of  time  which  it  has  been  used  on  the 
machine  is  listed  separately  together  with  the  number  of  errors  associated 
with  that  particular  code.   This  information  for  the  month  is  presented 
in  Table  II. 

It  is  important  to  notice  that  any  interruption  of  machine  time 
that  was  not  planned  for  is  considered  a  failure  in  this  table.   In  rare 
cases  where  the  failure  is  not  known  until  a  later  time,  it  is  possible 
that  no  repair  period  is  associated  with  the  failure.   This  overall  system 
has  been  adopted  because  it  makes  it  possible  for  a  machine  user  to  esti- 
mate directly  the  probability  that  the  machine  will  be  "running"  at  any 
instant  of  time  and  the  probability  of  a  failure  during  any  given  interval 
of  running  time. 
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VI.   COMMENTS  ON  THE  ILLIAC  AND  RELATED  FACILITIES. 

The  temporary  2048  word  drum  storage  unit  was  used  with  the  Illiac 
during  the  month.   Tube  replacements  during  the  month  included  the  following: 

6AU6     20  6j6     7  Total   50 

6BQ7    12  6AL5    1 

815      9  5687    1 

Maintenance  difficulties  encountered  with  the  unit  were  as  follows: 

No.  of  Tubes 
Replaced 

Out  of  synchronization  3 

Broken  pin  (intermittently  open)  4 

in  RG  l4 


March  1-2 
March  4-5 


March  8-10 

March  10 

March  ik 
March  15 
March  21-22 
March  28 

March  31 


Routine  maintenance  10 
(low  gain  tolerance  ratio) 

Faulty  recording  (S  cathode  follower)  5 
(3  815  plate  caps  Droken) 

Out  of  synchronization  2 

Open  filament  CN9  1 

Routine  maintenance  20 

Playback  errors  3 
(open  filament  01  amp.) 

Routine  maintenance  2 


With  the  exception  of  the  synchronization  difficulties,  most 
troubles  were  localized  using  the  drum  test  code.   Tubes  in  the  Indicated 
area  were  checked  and  those  not  meeting  original  specifications  were  re- 
placed. 

Gain  tolerance  ratios  were  as  follows : 


March 

1 

8 

8 

16 

17 

21 

22 

30 

31 

00  amplifier 

1.3 

1.3 

1.6 

1.4 

1-7 

1.4 

1.5 

1.6 

1.6 

01  amplifier 

1.4 

1.6 

1.6 

1.5 

1.5 

1-5 

1.6 

1.-4 

1.5 
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The  gain  tolerance  ratio  is  the  ratio  of  highest  to  lowest  amplifier 
gains  permitting  satisfactory  operation  using  drum  test  codes. 

The  enforced  delay  time  was  reduced  from  two  word- intervals  to  one 
word- interval  early  in  the  month. 

Work  continued  on  the  60-character  per  second  Teletype  punches.  After 
making  some  additional  mechanical  adjustments  it  was  found  possible  to  make 
the  punches  work  fairly  reliably.   However,  errors  still  sometimes  occurred 
and  these  were  traced  to  be  due  to  the  fact  that  the  contacts  corresponding 
to  our  "A"  and  "B"  gates  occasionally  bounced  and  produced  extra  gates. 
When  this  happened,  the  punch  results  could  be  in  error.   It  now  seems 
evident  that  it  will  be  necessary  to  mount  light  sources  and  photo  tubes 
on  the  punches  in  order  that  proper  "A"  and  "B"  gates  can  be  formed  with 
high  reliability. 

A  Model  28  Teletype  printer,  together  with  the  corresponding  transmitter- 
distributor,  has  been  assembled  and  put  into  operation  on  a  trial  basis.   If 
this  printer  is  to  be  used  directly  from  the  Illiac,  it  may  be  necessary  to 
alter  some  of  the  printer  control  circuits  before  it  can  be  considered  satis- 
factory.  If  this  is  the  case,  it  is  probable  that  the  printer  will  be  operated 
as  a  printing  unit  from  Teletype  tape  only. 

VIII.   RESEARCH  ON  COMPUTER  COMPONENTS.   (This  work  is  supported  in  part  by 
ONR  Contract  N6ori-07124. ) 

High-Speed  Vacuum  Tube  Circuits 

A  satisfactory  driver  for  high-speed  shift  registers  was  found 
and  measurements  of  pulse  wave  shapes  was  made.   The  pulse  chain  is  made  by 
utilizing  a  pair  of  807's  as  a  push-pull  oscillator  as  the  primary  signal 
source.   These  tubes  generate  a  push-pull  sine  wave  signal  which  was  used  to 
drive  the  horizontal  deflection  plates  on  the  oscilloscope  in  order  that  a 
satisfactorily  large  sweep  speed  might  be  achieved.   The  signal  from  one  of 
the  807  plates  is  ac-coupled  to  an  EFP60  grid  where  it  is  dc-restored  to  the 
top  of  the  signal  by  the  grid  diode.   Since  the  sine  wave  signal  is  in  excess 
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of  50  volts  in  amplitude,  only  a  short  spike  appears  at  the  EFP60  output. 
With  a  15  mc  oscillation,  the  pulse  in  the  figure  "below  was  obtained.   It 
was  obtained  using  the  oscillation  as  a  sine  wave  sweep.   It  will  he  observed 
that  the  pulse  is  11  millimicroseconds  long  from  the  point  at  which  the  signal 
falls  until  it  rises  again  to  that  point.   The  fastest  rise  and  fall  times  are 

on  the  order  of  10  volts  per  millimicrosecond.  Were  this  coupled  directly  to 

-ft 
a  low  swing  flipflop,  this  would  yield  the  desired  10   second  action  times. 

It  is  planned  to  use  two  such  drivers,  one  off  each  of  the  807  plates,  to 

obtain  two  pulses  per  cycle.   These  will  appear  on  different  lines  and  may 

be  used  as  a  pair  of  gate  drivers  in  the  normal  up-down  shifting  scheme. 


•H 

n 

CO 
■P 

H 

H 


Time  -  5  millimicroseconds /Division 


Direct-Coupled  Transistor  Circuits 

A  test  instrument  has  been  received  from  the  shop  and  put  into 
service  after  some  modifications,  necessitated  by  the  noise  level  in  the 
high- impedance  circuits.   This  instrument  gives  the  parameters  r,  ,  r  ,  r 
and  a  of  npn  and  pnp  transistors  by  direct  reading  on  the  scale  of  a  vacuum 
tube  voltmeter. 
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We  have  built  a  half-adder  using  our  standard  and,  or,  and  not  circuits; 
the  output  voltages  are  somewhat  low,  but  well  within  the  signal  level  limits 
discussed  in  the  January  report.   However  it  has  been  decided  to  abandon  the 
diode  and  and  or  circuits  in  favor  of  all-transistor  units,  the  latter  having 
voltage  drops  of~50  nrv  as  compared  to  the  200-500  mv  drop  of  diodes.   This 
step  is  justified  by  an  important  drop  in  the  prices  of  transistors.   The 
types  2N^5  "by  General  Electric  and  200  by  Texas  Instruments  have  come  down  to 
a  level  which  compares  to  that  of  diodes .   The  new  and  and  or  circuits  are 
given  in  the  figure  below. 
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The  work  on  the  four-bit  adder  is  in  good  progress:   l6  flipflops  and 
10  not  circuits  have  been  wired  and  tested.  We  think  that  the  and  and  or 
circuits  and  the  chassis  will  be  ready  by  the  middle  of  April.   These  units 
will  be  built  in  such  a  fashion  that  the  ulterior  adjunction  of  multiplying 
facilities  (Q-register,  shift  sequencing  control,  start-stop  control,  gates, 
etc.)  does  not  bring  about  too  much  rewiring. 
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VIII.   CONSTRUCTION. 

Two  of  the  tape  guide  plates  for  the  six  new  photoelectric  tape 
readers  have  been  finished  and  final  assembly  of  the  first  reader  has  been 
started.  The  other  four  tape  guides  have  been  roughed  out  and  are  now  in 
the  process  of  being  finished.   The  time  consumed  in  making  there  parts  was 
much  greater  than  was  expected  due  to  the  hardness  of  the  material  used  and 
the  inability  to  procure  milling  cutters  of  a  quality  sufficient  to  keep  a 
cutting  edge.   Ten  new  soft-rubber  drive  drums  were  made  for  the  four  old 
readers  we  well  as  the  six  new  ones.   Six  new  drive  arm  rollers  without  ridges 
were  made,  but  upon  inspection  It  was  found  that  they  were  not  true  and  would 
have  to  be  made  over.  Reader  "D"  and  Reader  "E"  were  modified  for  a  new  soft- 
rubber  drive  drum. 

The  photoelectric  tape  comparer  was  made  ready  for  use  by  building  a 
frame  around  it,  and  covers  were  made  for  It.   Several  wiring  changes  were 
made.   Then  it  was  installed  in  the  Teletype  Room  and  wired  up. 

Thirty  long  pin  bearings  for  the  doors  of  the  final  drum  unit  were 
made  up.  The  only  other  work  on  the  drum  unit  was  several  drawings  being 
made  for  parts  of  the  unit.  About  half  of  the  drawings  for  this  unit  are 
finished.   The  new  word  counter,  Dwg.  596,  was  finished,  and  all  parts  for 
four  new  chassis,  Dwgs .  4yi,  ^77,  ^78,  and  53^  have  been  made  up  and  are 
ready  to  be  assembled  and  wired.  Layout  prints  of  the  final  drum  unit  are 
now  available . 

The  new  drum  from  Engineering  Research  Associates  has  been  received 
and  unpacked,  assembled  and  mounted  to  be  used  in  the  drum  test  unit.  A 
frame  and  cover  were  made  for  it  and  installed.   Both  drums  were  wired  up 
so  that  either  unit  can  be  used  as  desired. 

IX.  REPORTS  AID  SEMINARS. 

Seminars 

"Use  of  Implicit  Boolean  Function  in  the  Design  of  Dynamic 
Switching  Circuits,"  by  David  E.  Muller,  March  2,  1955. 
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"Boolean  Matrices  and  the  Design  of  Switching  Circuits," 
by  Franz  E.  Hohn,  March  l6,  1955° 

"Two  Illiac  Library  Routines,"  by  Carl  Co  Farrington  and 
Jerome  H,  Fishel,  March  l6,  1955° 

"The  Propagation  of  Error  in  numerical  Integrations," 
by  A.  H.  Taub,  March  23,  1955 . 

"A  Numerical  Solution  to  a  Class  of  Sturm-Liouville 
Systems"  by  Robert  T„  Gregory,  March  30,  1955 • 


Reports 

Internal  Report  No,  62,  "Operating  Instructions  for 
Photoelectric  Tape  Comparer,"  by  R.  E.  Miller 

Internal  Report  No.  63,  "A  Brief  Description  of  the 
Routines  in  the  Illiac  Active  Program  Library,"  Part  I, 
by  Robert  T.  Gregory . 

"A  High  Speed  Permanent  Storage  Device,"  IRE  Trans,  on 
Electronic  Computers,  EC-4,  pp.  16-20,  March,  1955> 
J„  Mo  Wiero 

X.   PERSONNEL, 

The  personnel  associated  with  the  group  and  hence  the  contributors 
to  this  report  are: 

Allen,  Guy,  Computer  Operator  I 

Bateman,  Wrru  E.,  Jr.  Electronics  Technician  (Term.  March  30) 

Breed,  Charles  P.,  Draftsman 

Carter,  Clifford  E,,.  Electronics  Engineer  for  Illiac 

Clark,  Miss  Helen  B.,  Secretary  I 

Clements,  Virgil  F.,  Jr.  Laboratory  Mechanic 

Cole,  Douglas,  l/2  time  Visiting  Asst.  Prof,  of  E.  E. 

Douglas,  Alexander  S.,  Visiting  Asst,  Prof,  of  Math. 

Eadie,  Miss  Iva  Jean,  Student  Assistant 

Farrington,  Carl  C,  l/2  time  Research  Assistant 

Fetzner,  Mrs.  Muriel  P.,  Computer  Teletype  Operator 

Fishel,  Jerome  H.,  1/2  time  Research  Assistant 

Frank,  Werner  L. ,  l/2  time  Research  Assistant 

Germain,  Jack  H„,  Jr,  Electronics  Technician  (Started  April  l) 

Golub,  Gene  H.,  1/2  time  Research  Assistant 

Gregory,  Robert  To,  l/2  time  Research  Assistant 
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Hill,  Robert  S.,  Student  Assistant 
Huffman,  Wm.  L.,  Computer  Operator  II 
Kerkering,  Thomas  E.,  Sr.  Laboratory  Mechanic 
Lopeman,  Harold  E.,  Electronics  Engineer  for  Illiac 
McGinnis,  Gerald  A.,  Sr.  Electronics  Technician 
Meagher,  R.  E„,  Chief  Engineer 
Michael,  George  W.,  Administrative  Assistant 
Miller,  Raymond  E.,  l/2  time  Research  Assistant 
Muller,  David  E„,  Res.  Asst.  Prof,  of  Applied  Math. 
Nash,  J.  P.,  Res.  Prof,  of  Applied  Math. 
Newmark,  N.  M.,  Chairman,  Executive  Committee 
Ogata,  Albert  I.,  Student  Assistant 
Pelg,  Edmund,  Jr.  Electronics  Technician 
Polivka,  Raymond  P.,  l/2  time  Research  Assistant 
Poppelbaum,  W.  J.,  Research  Associate 
Robertson,  James  E.,  Res.  Asst.  Prof,  of  Elec.  Eng. 
Russell,  Miss  Ramona  J.,  Computer  Operator  I 
Schneberger,  Edward  J.,  1/2  time  Research  Assistant 
Seshu,  Mrs.  Lily,  1/2  time  Research  Assistant 
Stephens,  Allen,  Jr.  Laboratory  Mechanic 
Taub,  A.  H.,  Res.  Prof,  of  Applied  Math. 
Wenta,  Joseph,  Sr.  Electronics  Technician 
Wier,  Joseph  M. ,  Research  Associate  (3/k-   time) 
Yii,  Roland  H.C.,  1/2  time  Research  Assistant 
Yu,  Hwa-Nien,  l/2  time  Research  Assistant 

The  work  of  the  group  is  under  the  administration  of  an  Executive 
Committee  with  the  following  members:  N.  M.  Newmark,  Chairman,  D.  E.  Muller, 
J.  E.  Robertson,  A.  S.  Douglas,  J.  P.  Nash,  A.  H.  Taub,  and  R.  E.  Meagher. 
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UNIVERSITY  OF  ILLINOIS 
GRADUATE  COLLEGE 
DIGITAL  COMPUTER  LABORATORY 


TECHNICAL  PROGRESS  REPORT 
Teaching  and  graduate  research  are 
not,  in  general,  reported  herein. 


April  1  -  April  30,  1955 


I.  MATHEMATICAL  RESEARCH  AND  PROGRAMMING.   (This  work  is  supported  in  part 
"by  the  Office  of  Naval  Research  under  Contract  N6ori-O7130* ) 

Boolean  Algebra 

The  work  on  the  complexity  of  combinational  circuits  which 

was  described  in  last  month's  report  has  been  extended  to  the  multiple  output 

case.  At  the  same  time  the  proofs  have  been  simplified  and  shortened.   The 

present  formula  for  maximum  complexity  of  a  p  input  and  q  output  circuit  E(p,q) 

is  bounded  by 

r  r 

C,  —  <  E(p,q)  <  C„  — 
1   r  —  *******   —  2   r 

where  r  =  p  +  logpq  with  C,  and  Cp  constants  which  are  independent  of  p  and  q. 
This  work  is  now  being  written  up. 

Random  Numbers 

A  report  on  generating  pseudo- random  numbers  is  now  being 
prepared.  The  character  of  the  sequence  formed  by  taking  a  linear  combination 
of  a  fixed  number  of  preceding  terms  is  quite  predictable  and  it  is  possible 
to  determine  the  length  of  sequence.  Another  method  used  is  not  analyzable 
in  the  same  way,  but  it  has  been  found  empirically  that  the  sequence  does  not 
repeat  in  the  first  ten  million  numbers. 

Statistical  Applications 

A  routine  which  makes  use  of  the  magnetic  drum  has  been 
written  to  find  correlations  and  the  variance- covariance  matrix.   The  drum 
is  used  only  when  necessary  and  is  not  used  at  all  when  the  number  of  variables 
is  small.   The  routine,  even  without  drum  use,  is  slower  than  K2  because  of 
additional  bookkeeping  requirements . 

Linear  Equations  and  Matrices 

The  program  for  solving  linear  matrix  equations  has  been 
checked  and  is  being  prepared  for  the  program  library.   The  accuracy  seems 
to  be  better  than  that  of  the  present  library  routines. 
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Correction 

In  the  report  for  March  1  -  March  31  "the  inequalities 
on  page  one  should  read 


Kx  ~    <   E(p)  <  1^2 


P 


and 


2P  _,  ,  _  2P 


II.  ANALYTICAL  PROGRAM.   (This  work  is  supported  in  part  by  NSF  Grant  G-1221. ) 

Numerical  experiments  on  various  variational  methods  for  solving  a 
Sturm-Liouville  ordinary  differential  equation  are  in  progress.   It  has  been 
shown  that  the  variational  method  which  leads  to  a  second-order  finite 
difference  approximation  to  the  differential  equation  can  be  modified  to  give 
a  better  approximation  to  the  lowest  proper  value  in  the  case  of  the  equation 

y"  +  ky  =  0     [y(0)  =  y(l)  =  0]. 

Thus  the  closeness  of  approximation  to  the  differential  equation  does  not 

give  criteria  for  selecting  the  best  variational  approximations.   The  variational 

methods  will  be  applied  to  other  examples  for  which  solutions  are  known. 

III.  LIBRARY  ROUTINES. 

During  April  the  following  three  programs  were  added  to  the  active 
Illiac  Library: 

V  k   (178)        Fourier  Analysis .   52  words .   This  is  a  closed 

routine  which,  given  values  of  f (x)  at  equal 
intervals  between  0  and  L,  computes  the  co- 
efficients of  the  sine  or  cosine  Fourier  expan- 
sion. Library  Routine  T  5  is  used  to  compute 
sine  and  cosine  values.   The  time  required  to 

compute  m  terms  of  the  sine  or  cosine  series  is 

2 
m  +  13m  milliseconds. 
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N  8  (l8l)     Read  One  Number  from  Tape  as  an  Integer  or  Fraction. 
22  words.   This  closed  routine  requires  no  preset  or 
program  parameters .   Numbers  are  separated  on  the  in- 
put tape  by  a  marker  consisting  of  a  character  using 
a  fifth  hole.   The  number  (containing  from  one  to  twelve 
decimal  digits)  will  be  placed  as  a  signed  integer  in  A 
and  as  a  signed  fraction  in  Q.  Accuracy  is  2    for 
fractions,  and  integers  are  converted  exactly.   The  con- 
version time  is  3  milliseconds  per  digit  so  there  is  no 
cost  in  time  with  the  present  input  speed  of  250  characters 
per  second  which  allows  approximately  k   milliseconds  be- 
ween  each  character. 

K  5  (182)     Autocorrelations .   Entire  Program.  Designed  to  accomo- 
date up  to  795  observations,  this  program  will  compute 
any  one  of  four  types  of  autocorrelation,  depending 
upon  a  parameter  provided  on  the  data  tape.  The  printed 
results  give  type  of  autocorrelation,  mean,  and  variance 
followed  by  two  columns  giving  lag  (by  increments  of 
unity)  and  autocorrelation.   Computation  time  varies 
with  the  kind  of  autocorrelation  but  does  not  exceed 
about  ^5  seconds  for  the  maximum  number  of  observations 
in  the  most  complicated  case.   Input  and  output  time 
vary  with  the  number  of  decimal  places  in  the  data  (up 
to  12)  and  in  the  results  (up  to  9). 

IV.  MACHINE  USE. 

During  April  13  new  problem  specifications  were  presented  as  given 
below.   This  list  does  not  indicate  how  the  Illiac  was  used  because  large 
amounts  of  machine  time  may  have  been  consumed  by  problems  with  numbers  less 
than  5^0.  Numbers  followed  by  T  are  for  thesis  problems. 
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5^0    Cosmotron.  Minimization  of  a  function  of  k   variables.   The  problem 
uses  Library  Routine  H  k   to  find  a  minimum  of  a  quotient  of  two  polynomials 
in  h   variables  '.      There  are  3  parameters  and  minimum  values  are  desired  in 
2,700  combinations  of  the  parameters. 

5^1    Psychology.   Test  of  consistency  of  psychological  solution  of  centroid 
factor  analyses.  The  problem  finds  quartimax  solutions  for  12  centroid 
factors  and  sums  of  squares  of  data  and  quartimax  results. 

5^2    Institute  for  Research  on  Exceptional  Children.  Effect  of  mentally 
retarded  children  on  family  integration.   The  analysis  is  carried  out  by 
computation  of  means  and  standard  deviations  and  of  a  22-variable  Pearson 
product  moment  correlation  matrix. 

5^3    Bureau  of  Educational  Research.   Chi-square  analysis  of  pupils' 
problems.  With  data  from  a  form  filled  out  by  elementary  school  children, 
the  analysis  is  directed  toward  comparing  pupils'  descriptions  of  their 
problems  and  the  predictions  of  their  responses  by  their  teachers. 

^kh   T  Sociology.   Study  of  relationship  between  attitudes  and  values.  From 
a  sample  of  200  individuals  there  will  be  calculated  a  correlation  matrix  of 
order  22  consisting  of  attitude  and  value  variables.  Results  will  be  used 
to  show  the  relationship  between  performance  on  an  accredited  attitude  scale 
and  a  scale  of  values. 

5^5  T  Economics.  Maximum  likelihood  estimates  of  coefficients  in  simultaneous 
equations  systems.  This  problem  is  devoted  to  a  study  of  the  bias  in  co- 
efficients obtained  from  observed  data.  A  sample  study  will  be  made  by 
construction  of  synthetic  data  and  insertion  of  known  sample  values  of  synthetic 
errors  of  measurement. 
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5^+6    University  Council  on  Teacher  Education.   Prediction  of  academic 
success.   The  McQuitty  criterion  pattern  analysis  method  will  be  applied 
to  a  random  sample  of  size  100  from  the  population  of  Champaign  High  School 
graduates.   It  is  desired  to  predict  grade  point  averages  in  the  University 
of  Illinois  from  high  school  grades  in  55  courses. 

5^+7    Electrical  Engineering.  Effective  permeability  of  a  prolate  spheroidal 

shell.  The  magnetic  flux  0O  through  a  circular  wire  loop  in  a  static  magnetic 

field  is  compared  with  the  total  flux  0  passing  through  the  loop  when  a  pro- 

s 

late  spheroid  shell  of  known  permeability  and  dimensions  is  passed  inside  the 
loop. 

5^8  T  Computer  and  Mathematics.   Sturm-Liouville  system.   The  general  second- 
order  differential  equation  with  an  eigenvalue  A. 

if  [p(x)  li]  +  [<i(x)  +Xr(x)  ]y  =  ° 

with  associated  boundary  conditions  on  a  finite  interval  (a,b) 

y(a)  =  y(b)  =  0 

and  the  normalizing  condition 

rb       2 
J   r(x)  y  dx  =  1       [r(x)  >  0  over  (a,b  )] 

is  solved  by  introducing  an  analogous  problem  in  the  discrete  calculus. 

5^-9    Student  Counseling  Bureau.   Test  validation  study.   By  calculating 
Pearson  product  moment  correlations  and  carrying  out  multiple  correlations 
and  factor  analyses,  a  study  will  be  made  of  prediction  of  grades  in  various 
courses  in  the  University  of  Illinois  College  of  Engineering  during  the 
freshman  year  using  freshman  guidance  examinations  as  a  basis. 


-5- 


550  Physics.   Calculation  of  lattice  sums.   The  floating  point  routine 
is  being  used  to  evaluate  a  sum  of  exponentials  and  trigonometric  functions 
of  a  two-dimensional  set  of  points  in  an  area. 

551  T  Electrical  Engineering.   Third  order  servo  with  friction-controlled 
backlash.   The  Runge-Kutta  method  is  being  used  to  solve  a  set  of  four  third- 
order  differential  equations  which  are  solved  successively  to  give  the  transient 
response  of  a  third-order  servomechanism  following  the  application  of  a  unit 
step  input. 

552  T  Economics.   Stability  of  dynamic  economic  systems.   By  solving  systems 
of  difference  equations  and  evaluating  roots  of  polynomials  of  the  17th  defree, 
a  study  is  being  made  of  the  stability  of  a  dynamic  economic  system  as  affected 
by  the  length  of  the  investment  planning  period  as  a  multiple  of  the  income 
period. 

Table  I  shows  distribution  of  machine  time  for  April. 

TABLE  I 

Regular  Maintenance  and  Illiac  Engineering  59 -^5 

Unscheduled  Maintenance  or  Repair  31:36 

Drum  Engineering  13:56 

R.A.R.  5:58 

Leapfrog  52:03 

Wasted  4:13 
Computer  Use  by  Departments 

Computer  Group  19:57 

Classes  15:35 

Physics  34:47 

C.S.L.  60:40 

Structural  Research  12:30 

Structural  Research  (AF  24994)  5:49 

Structural  Research  (Fobs  62250 )  29:24 

Psychology  4:24 

Psychology  (AF  25726a)  11:32 

Education  5:37 

Electrical  Engineering  19:26 

Chemistry  60:47 

Agriculture  15:15 

Cosmotron  32:29 

Purdue  University  :10 

Harvard  University  5:26 

Miscellaneous  7:l8 

Demonstrations  :l8 

Total  508:55 
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V.   ERROR  FREQUENCY  AND  ANALYSIS. 

The  machine  is  normally  used  for  "engineering"  and  maintenance 
between  8:00  A.M.  and  12:00  N,  and  for  a  check  of  its  performance  be- 
tween 5:00  and  5:30  P<M.  of  each  weekday.   Since  the  periods  between 
8:00  A.M.  and  noon,  together  with  certain  irregular  periods  like  Satur- 
days and  Sundays,  are  devoted  to  a  heterogeneous  group  of  functions,  it 
is  more  instructive  from  an  error  analysis  standpoint  to  look  at  the 
periods  between  noon  and  8:00  A.M.  of  the  next  day  in  order  to  make  an 
observation  of  the  error  frequency  in  the  machine.   This  is  the  actual 
period  when  the  machine  is  designated  for  use.  With  this  in  mind,  a 
summary  table  has  been  prepared  using  the  period  between  noon  and  8:00  A.M. 
of  the  next  day.   This  table  lists  the  running  time  when  the  machine  was 
operating,  the  amount  of  time  devoted  to  repairs  because  of  breakdowns, 
and  the  number  of  failures  while  the  machine  was  listed  as  running.   During 
the  5 "-00- 5: 30  P.M.  period  (when  the  machine  is  checked)  if  no  errors  are 
found,  the  time  is  given  to  the  "running  column."  Each  failure  was  con- 
sidered to  have  terminated  a  running  period  and  was  followed  by  a  repair 
period  in  preparing  this  table.   Since  the  leapfrog  code  is  our  most  sig- 
nificant machine  test,  the  length  of  time  which  it  has  been  used  on  the 
machine  is  listed  separately  together  with  the  number  of  errors  associated 
with  that  particular  code.   This  information  for  the  month  is  presented 
in  Table  II. 

It  is  important  to  notice  that  any  interruption  of  machine  time 
that  was  not  planned  for  is  considered  a  failure  in  this  table.   In  rare 
cases  where  the  failure  is  not  known  until  a  later  time,  it  is  possible 
that  no  repair  period  is  associated  with  the  failure.   This  overall  system 
has  been  adopted  because  it  makes  it  possible  for  a  machine  user  to  esti- 
mate directly  the  probability  that  the  machine  will  be  "running"  at  any 
instant  of  time  and  the  probability  of  a  failure  during  any  given  interval 
of  running  time. 
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VI.   COMMENTS  ON  THE  ILLIAC  AND  RELATED  FACILITIES. 

During  the  month  a  new  magnetic  drum  was  received  from  the  ERA 
Division  of  Remington  Rand  to  replace  our  older  drum.   It  is  hoped  that 
with  the  new  drum  a  word  density  of  6h   per  track  (28l6  digits)  may  he 
used  with  the  NRZ  recording  scheme  which  allowed  32  words  per  track  on  the 
older  drum.   If  this  can  he  done,  the  total  number  of  words  stored  on  the 
drum  would  amount  to  12,800.   The  new  drum  has  been  operated  for  a  short 
period  of  time  using  8  tracks  and  a  corresponding  memory  size  of  512  words 
with  a  gain  tolerance  ratio  of  1.3-   In  order  to  put  this  new  drum  into 
operation  with  the  circuits  which  were  operating  with  the  previous  drum, 
some  changes  were  found  necessary  which  are  recorded  here: 

1)  The  input  bleeders  on  the  A  and  B  control  track  amplifiers 
were  made  identical.   The  lower  excursion  of  the  output  signal  from  each 
of  these  amplifiers  has  been  clamped  to  prevent  spurious  triggering  of 
the  corresponding  pulser. 

2)  The  duration  of  the  A  and  B  pulses  has  been  shortened  to  1  (is « 

3)  The  duration  of  the  playback  strobe  delay  has  been  changed  to 
optimize  the  position  of  the  playback  strobe. 

h)   The  word  counter  had  to  be  revised  to  allow  for  6k   words  per 
track. 

5)  The  coupling  capacitors  in  the  preamplifiers  and  playback 
amplifiers  have  been  decreased  by  a  factor  of  two  in  certain  places. 

6)  The  capacitors  in  the  switching  smoothing  circuits  were 
decreased  in  size  from  0.01  u.fd  to  0.005  U-fd. 

The  control  track  pulses  as  recorded  by  ERA  before  the  drum  was 
delivered  had  certain  minor  errors  which  finally  required  that  they  be  re- 
recorded. 

Some  additional  characteristics  of  the  new  drum  which  may  be  of 
interest  can  be  mentioned.   The  drum  was  supplied  with  a  head-to-drum 
spacing  estimated  to  be  0.002  inch.  With  this  spacing,  crosstalk  was 
observed  from  one  track  to  another.   If  a  recording  of  4KC  is  made  on  one 


-10- 


track  then  a  signal  on  an  adjacent  track  is  obtained  which  is  about  10$>  of 
a  normal  signal  amplitude  on  that  track.  When  a  signal  of  about  80KC  is 
recorded  (which  corresponds  to  the  word  density  now  being  used)  and  when 
the  head-to-drum  spacing  is  retained  at  0.002  inch  then  the  80KC  signal 
observed  from  the  track  is  about  'JO'fo   of  the  ^OKC  signal  which  may  be  con- 
sidered to  be  approximately  the  normal  amplitude.   If  the  head-to-drum 
spacing  is  reduced  to  approximately  0.0015  inch,  then  the  80KC  signal  is 
about  80$  of  the  40KC  signal  for  that  track.   It  is  estimated  that  the 
head-to-drum  spacing  decreases  by  0.0002  inch  for  a  shell  temperature  rise 
of  17°C. 

The  Model  28  printer  has  been  placed  into  service  and  as  suggested 
in  last  month's  report,  it  will  be  used  in  the  Teletype  Room  rather  than  as 
a  direct  output  from  Illiac.   This  has  been  done  because  certain  tolerance 
requirements  would  require  that  the  output  circuit  from  Illiac  be  redesigned 
if  it  were  required  to  operate  this  printer  directly. 

VII.  RESEARCH  ON  COMPUTER  COMPONENTS.   (This  work  is  supported  in  part  by 
the  Office  of  Naval  Research  under  Contract  N6ori-07124. ) 

Direct-Coupled  Transistor  Circuits 

During  the  month  of  April  attention  has  been  focused 
on  new  high-speed  flipflops  rather  than  on  the  development  of  more  complex 
installations.  Work  on  the  adder- subtrac tor  was  temporarily  stopped. 

Theoretical  work  has  been  done  on  the  physics  of  transistors  in 
order  to  be  able  to  use  them  under  the  best  possible  conditions  as  regards 
frequency  response  and  delay  time  of  the  carrier  in  the  base  region.   It 
was  found  that  theoretically  and  practically  the  a   cutoff  frequency  increases 
with  increasing  emitter  current,  while  the  time  delay  in  the  base  decreases 
at  the  same  time.   This  phenomenon  appears  to  be  independent  of  the  collector 
voltage.   For  a  certain  2N^3  transistor  the  delay  is  given  by  the  following 
graph. 
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Making  use  of  this  fact,  a  modified  2-transistor  emitter-follower 
GB  amplifier  flipflop  (see  February  issue  of  the  Technical  Progress  Report) 
was  built.   The  values  of  the  elements  are  given  in  the  following  figure. 
With  these  values  the  turnover  time  was  of  the  order  of  0.15  u.s . 
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It  should  be  stated  expressly  that  these  times  were  obtained  with 
transistors  of  the  cheapest  kind,  having  a  (low  emitter  current)  a  cutoff 
frequency  of  1  MC.   Further  it  should  be  pointed  out  that  the  flipflop  uses 
transistors  of  only  one  kind.   This  is  important  if  it  is  to  be  adapted  to 
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the  new  Si-transistors  which  can  be  obtained  in  the  npn  form  exclusively. 
The  average  current  in  either  of  the  two  transistors  is  20ma  and  neither 
one  is  ever  cut  off.   The  latter  fact  brings  about  an  additional  gain  of 
time.   There  is  a  constant  voltage  drop  r  i  ( ~   50mv)  across  the  constant 
emitter-base  capacitance  ( ~  3000  p.uf),  thus  eliminating  all  charging 
currents.  Near  cutoff  the  device  becomes  non-linear. 

Another  two- trans is tor  flipflop,  characterized  by  the  use  of 
only  three  resistors,  gave  very  promising  results,  too. 

~ev 
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*/30 
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It  has  the  important  property  that  by  suitable  triggering  the  three  electrodes 
of  the  transistor  are  forced  simultaneously  toward  the  new  state.   The  speed 
of  such  a  device  then  depends  only  on  the  power  used  to  drive  it,  i.e.,  the 
power  of  the  gates .   It  is  interesting  to  notice  that  the  sum  of  the  emitter 
currents  in  this  device  is  constant.   It  has  been  found  that  this  flipflop 
was  developed  independently  by  Henle  of  IBM. 

The  elegant  Eccles-Jordan  circuit  developed  by  Philco  for  their 
surface-barrier  units  was  tried  out  also.   The  announced  turnover  time  of 
0.351-LS  was  obtained  without  difficulty.   This  saturating  flipflop  will  be 
of  more  interest  as  soon  as  certain  stability  problems  are  overcome  and  the 
voltage  swing  somewhat  increased. 

A  definition  which  takes  account  of  computer  uses  was  adopted  for 
the  turnover  time  of  flipflops  .  First  of  all  a  last  moving  point  is  defined 
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for  every  trigger  point.   Then  the  flipflop  is  driven  with  an  input  voltage 
swing  equal  to  its  natural  output  swing.   The  turnover  time  is  defined  as 
the  time  elapsed  between  the  beginning  of  the  input  pulse  (at  the  input)  and 
the  instant  when  the  output  pulse  has  gone  through  90$  of  "the  voltage  change. 
This  time  can  be  decomposed  into  the  delay  time  and  the  rise  time  of  the 
circuit. 

A  set  of  preliminary  investigations  have  been  conducted  on  the  use 
of  transistors  to  drive  magnetic  cores.   It  has  been  found  that  the  paralleling 
of  several  GE  transistors  gives  much  better  waveforms  than  power  transistors. 
With  steel  cores  and  8  windings  carrying  25ma  maximum  current,  rise  times  were 
of  the  order  of  3M-S,  the  fall  times  being  10|is . 

An  internal  report  is  being  prepared  giving  full  details  about  the 
circuit  aspects  and  the  physical  aspects  of  fast  junction  transistor  f lipf lops . 

VIII.  CONSTRUCTION. 

The  six  new  photoelectric  tape  readers,  designated  F,  G,  H,  I,  J 
and  K  have  been  finished.  Although  all  of  them  have  been  tested  on  the 
Illiac,  minor  adjustments  may  still  be  necessary. 

Reader  B  was  dismantled  so  that  it  may  be  used  as  a  test  model 
for  several  ideas  which  may,  if  successful,  be  used  on  the  other  readers. 
It  seems  desirable  to  test  a  new  clutch  which  would  permit  some  adjustment 
outside  the  reader  without  removing  the  reader  from  its  case,  which  is 
necessary  at  the  present  time.   It  may  also  be  that  a  thin  piece  of  glass 
can  be  inserted  over  all  of  the  light  holes  to  reduce  the  problem  caused 
by  dirt  clogging  up  the  holes . 

The  frame  for  the  final  drum  unit  has  been  started.   The  milling 
and  machine  work  on  the  I-beams  which  furnish  the  lower  supporting  members 
for  the  unit  are  underway.  Additional  drawings  and  four  new  chassis 
associated  with  the  drum  unit  have  been  assembled  but  not  wired. 

IX.  REPORTS  AND  SEMINARS. 

Seminars 

"The  Sieve  Problem  for  All-purpose  Computers,"  by 
Carl  C.  Farrington,  April  6,    1955- 
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Seminars  (Cont.) 

"Methods  of  Conjugate  Gradients  for  Solving  Linear 
Systems,"  by  Raymond  P.  Polivka,  April  20,  1955- 

"The  Design  of  Circuits  for  Very  High-speed  Electronic 
Digital  Computers,"  hy  J.  M.  Wier,  April  27,  1955- 


X.   PERSONNEL. 

The  personnel  associated  with  the  group  and  hence  the  contributors 
to  this  report  are: 

Allen,  Guy,  Computer  Operator  I 

Breed,  Charles  P.,  Draftsman 

Carter,  Clifford  E.,  Electronics  Engineer  for  Illiac 

Clark,  Miss  Helen  B.,  Secretary  I 

Clements,  Virgil  F.,  Jr.  Laboratory  Mechanic 

Cole,  Douglas,  l/2  time  Visiting  Asst.  Prof,  of  E.  E. 

Eadie,  Miss  Iva  Jean,  Student  Assistant 

Farrington,  Carl  C,  l/2  time  Research  Assistant 

Fetzner,  Mrs.  Muriel  P.,  Computer  Teletype  Operator 

Fishel,  Jerome  H. ,  l/2  time  Research  Assistant 

Frank,  Werner  L.,  l/2  time  Research  Assistant 

Germaine,  Jack  H.,  Jr.  Electronics  Technician  (Started  April  l) 

Golub,  Gene  H.,  l/2  time  Research  Assistant 

Gregory,  Robert  T.,  l/2  time  Research  Assistant 

Hill,  Robert  S.,  Student  Assistant 

Huffman,  Wm.  L.,  Computer  Operator  II 

Kerkering,  Thomas  E.,  Sr.  Laboratory  Mechanic 

Lopeman,  Harold  E„,  Electronics  Engineer  for.  Illiac 

McGinnis,  Gerald  A.,  Sr.  Electronics  Technician 

Meagher,  R.  E.,  Chief  Engineer 

Michael,  George  W.,  Administrative  Assistant 

Miller,  Raymond  E„,  l/2  time  Research  Assistant 

Muller,  David  E.,  Res.  Asst.  Prof,  of  Applied  Math. 

Nash,  J.  P.,  Res.  Prof,  of  Applied  Math. 

Newmark,  N.  M. ,  Chairman,  Executive  Committee 

Ogata,  Albert  I.,  Student  Assistant 

Pelg,  Edmund,  Jr.  Electronics  Technician 

Polivka,  Raymond  P.,  l/2  time  Research  Assistant 

Poppelbaum,  W.  J.,  Research  Associate 

Robertson,  James  E.,  Res.  Asst.  Prof,  of  Elec.  Eng. 

Russell,  Miss  Ramona  J.,  Computer  Operator  I 

Schneberger,  Edward  J.,  1/2  time  Research  Assistant 

Seshu,  Mrs.  Lily  H.,  1/2  time  Research  Assistant 
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Stephens,  Allen,  Jr.  Laboratory  Mechanic 
Taub,  A.  H.,  Res.  Prof,  of  Applied  Math. 
Wenta,  Joseph,  Sr.  Electronics  Technician 
Wier,  Joseph  M. ,  Research  Associate  (3A  time) 
Yii,  Roland  H.C..  1/2  time  Research  Assistant 
Yu,  Ewa-Nien,  l/2  time  Research  Assistant 

The  work  of  the  group  is  under  the  administration  of  an  Executive 
Committee  with  the  following  members:   N.  M.  Newmark,  Chairman,  D.  E.  Muller, 
J.  E.  Robertson,  A.  S.  Douglas,  J.  P.  Nash,  A.  H.  Taub,  and  R.  E.  Meagher. 


R.  E.  Meagher 
REM/hc 
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May  1  -  May  31,  1955 


I.   MATHEMATICAL  RESEARCH  AND  PROGRAMMING .   (This  work  is  supported  in  part  by 
the  Office  of  Naval  Research  under  Contract  N6ori-O7130. 

Boolean  Algebra 

An  analogy  has  been  found  between  electronic  circuits  and  relay  cir- 
cuits of  the  type  containing  no  secondary  coils.   The  analogy  offers  the  prospect 
of  handling  by  algebraic  methods  relay  circuits  which  are  not  of  the  series-parallel 
kind. 

Random  Numbers 

A  routine  which  uses  the  logical  product  order  has  been  used  to  test 
groups  of  numbers  (20  numbers  per  group  were  used)  to  see  how  long  a  sequence  of 
numbers  is  needed  before  every  binary  digital  position  is  occupied  by  a  zero.   The 
test  is  very  rapid  and  very  good  results  were  obtained  with  Library  Routine  V  3  and 
with  another  routine  that  was  tested  for  10,000,000  numbers. 

Differential  Equations 

A  floating  point  version  of  the  Runge-Kutta  routine  has  been  pro- 
grammed to  aid  in  the  evaluation  of  certain  statistical  distributions  for  which 
it  was  found  that  the  fixed-point  routine  gives  extremely  accurate  results. 
Because  of  parameter  variability  a  floating  point  routine  is  useful  here.   The 
speed  is,  of  course,  very  slow. 

Roots  of  Polynomials 

A  complex  numbers  floating  point  routine  has  been  written  to  investi- 
gate a  method  proposed  by  Maehly  for  finding  roots  of  polynomials.   Investigations 

P   j_ 
were  made  of  the  problems  ,V    x  =0,  for  cases  p  =  15,  31  and  63  as  well  as  for 

!  a  number  of  classical  problems.   In  most  cases  excellent  results  were  obtained. 

I 

I  Difficulties  arose  (a)  if  the  first  and  second  derivatives  of  the  polynomial 
I vanished  at  zero,  or  (b)  if  the  polynomial  had  multiple  roots. 

The  first  difficulty  can  be  avoided  by  changing  the  initial  approxi- 
mation and  the  second  can  be  met  by  changing  the  convergence  criterion  (the  value 

_o  _  c 

jwas  changed  from  10   to  about  10   )  and  accepting  a  loss  in  accuracy. 
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The  method  at  present  has  the  disadvantage  that  there  are  too  many 

operations  thus  slowing  things  down  considerably.   It  is  necessary  to  evaluate 

f(x  ),  f'(x.)  and  f"(x.)  at  each  operation,  and  this  requires  about  6n  operations. 

11         X  6?   i 

It  took  about  50  minutes  to  solve  .Eu*  =  0. 

It  may  be  possible  to  find  a  substitute  for  evaluating  the  derivatives 

which  will  speed  up  the  computation.   If  not,  the  present  method  (Library  Routine 

J  l)  will  be  better. 

II.  ANALYTICAL  PROGRAM.   (This  work  is  supported  in  part  by  National  Science 
Foundation  Grant  G-1221.) 

Further  numerical  experiments  on  variational  methods  for  solving  a  Sturm- 
Liouville  ordinary  differential  equation  were  made.  An  approximation  to  the 
differential  operator  was  obtained  by  approximating  the  unknown  function  y(x)  by 
a  sequence  of  parabolic  arcs  with  continuous  values  of  the  function  and  its 
derivative  at  the  mesh  points.   This  approximation  to  the  function  was  substituted 
into  the  Lagrangian  function  and  a  quadratic  form  was  obtained  as  an  approximation 
to  the  integral  to  be  varied.   The  resulting  system  of  linear  equations  was  solved 
numerically  to  determine  approximations  to  the  proper  values  and  functional  values 
at  the  mesh  points  for  the  case 

y"  +  ky  =  0      [y(0)  =  y(l)  =  0] . 

A  mesh  of  21  points  was  used.   The  error  in  the  first  proper  value  was 
less  than  0.002$;  in  the  first  five  less  than  0.3$;  in  the  first  seven  l.k%; 
and  in  the  first  nine  less  than  7-6$.   The  functional  values  were  correspondingly 
good.  No  spurious  proper  values  and  proper  functions  appeared  as  was  the  case  in 
variational  methods  related  to  directly  approximating  the  differential  equation 
"by  difference  equations . 

III.  LIBRARY  ROUTINES. 

During  the  past  month  the  following  two  programs  were  added  to  the  active 
Illiac  Library.  Library  Routine  M  15  was  written  by  Mr.  Leonard  Isaacson  of  the 
Department  of  Chemistry  and  Chemical  Engineering. 


-2- 


M  13  (179)     Complete  Linear  Matrix  Equation  Solver  and  General  Matrix 

Inversion.  Entire  Program.   This  program  uses  the  elimina- 
tion method  to  solve  the  matrix  equation  AX  =  B  where  A  is 
non  singular  and  square.   If  A  is  n  "by  n  and  B  Is  n  by  m,  the 
sizes  of  A  and  B  are  limited  by  nm  +  n(n+l)/2  +  n  +  m  <  842. 
If  B  =  I,  then  X  =  A~  and  the  limit  is  n  <  22.  Results  are 
punched  out  "by  columns .   Computing  time  for  m  =  1  is  about 
n  /500  milliseconds  and  for  n  =  m  is  about  n  /lOO  milli- 
seconds. A  sample  solution  of  a  system  of  38  equations  in 
38  unknowns  with  random  integer  coefficients  required  approxi- 
mately 100  seconds  of  computing  time  and  gave  results  with 
errors  less  than  10 

M  15  (183)     Linear  Programming .  Entire  Program .   This  is  a  floating 
point  program  which  can  be  used  to  maximize  or  minimize 
a  linear  functional  subject  to  constraints  in  the  form  of 
a  set  of  equalities  or  inequalities.   The  capacity  of  the 
routine  is  defined  by  4(i+j)  +  ij  <  708  where  i  and  j  are 
the  numbers  of  basis  and  structural  vectors,  respectively. 
Running  time  is  not  easy  to  predict,  hut  problems  utilizing 
nearly  the  full  capacity  have  almost  always  required  from 
10  to  31  minutes,  including  input  and  output. 

IV.  MACHINE  USE. 

During  May  the  following  36  new  problem  specifications  were  presented. 
This  list  does  not  indicate  how  the  Illiac  was  used  because  large  amounts  of 
machine  time  may  have  been  consumed  by  problems  with  numbers  less  than  553 • 
Numbers  followed  by  T  are  for  thesis  problems. 

553  T  Structural  Research.  Numerical  Solution  of  Shell  Structures.  A  cylindrical 
shell  problem  is  solved  by  a  numerical  approach  using  simultaneous  linear  equations 
which  incorporate  the  use  of  a  replacement  structure  of  rigid  bars  in  elastic  joints. 
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55*+    Institute  of  Communications  Research.  Relation  of  F-Scale  Scores  to  Mental 
Health  Opinion  Scores.  A  correlation  matrix  is  obtained  for  a  set  of  17  variables 
in  order  to  obtain  an  idea  of  the  type  and  standard  of  relations  between  answers 
on  F- scale  items  and  the  scores  made  on  factors  measuring  opinion  on  mental  health 
questions . 

555    Physics.   Calculation  of  Diffusion  Coefficients  from  Experimental  Data. 
The  method  of  least  squares  is  used  in  this  computation. 

566  T  Structural  Research.  Approximate  Analysis  of  Domes.  Systems  of  simultaneous 
difference  equations  are  solved  to  give  deflections  and  stresses  in  symmetrically 
loaded  rotational  shells . 

557  T  Structural  Research.  Characteristic  Roots  and  Vectors  of  Symmetric  Lambda 
Matrices.  The  problem  is  to  find  the  roots  and  associated  characteristic  vectors 
for  the  determinantal  equation  |a|  =  0,  where  the  elements  a. .  of  A  are  functions 
of  X.  and  a.  .  (\)  =  a.Ax). 

558  Electrical  Engineering.  Wave  Propagation  in  a  Slotted  Wave  Guide.  A 
trigonometric  equation  is  solved  in  order  to  compute  the  complex  propagation 
constant  of  an  electromagnetic  wave  proceeding  down  an  infinitely  wide,  uniformly 
slotted  wave  guide. 

559  Agricultural  Economics.  Demand  Analysis.   This  work  is  in  connection  with 
a  demand  analysis  study.  Artificially  constructed  examples  are  being  used  in  an 
attempt  to  find  what  happens  to  estimates  under  varying  assumptions.   The  method 
uses  matrix  multiplication  routines  to  calculate  residuals  in  a  multiple  correla- 
tion problem. 

560  Agronomy.  Multiple  Regression  Analysis.  Data  used  with  the  routine  will 
be  concerned  with  various  phases  of  agronomic  research  such  as  factors  affecting 
yield  of  forage  crops  and  factors  affecting  disease  incidence  in  corn. 
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561  T  Education.   Cognitive  Simplicity  in  Student  Teachers.   Correlation  matrices 
will  be  used  for  comparison  of  good  and  poor  student  teachers'  descriptions  of 
students  they  taught  in  practice  teaching. 

562  Structural  Research.  Maximum  Deflection  of  a  Non-Linear  System  with  Variable 
Coefficients.   The  program  computes  the  maximum  absolute  value  of  the  argument  in 

a  second  order  differential  equation. 

563  Bureau  of  Economic  and  Business  Research.  Multiple  Regression  of  Service 
Expenditures  on  Other  Variables.  The  problem  is  concerned  with  a  study  of  consumer 
expenditures  on  particular  service  items  as  influenced  by  variables  such  as  income, 
family  size,  etc. 

564  Physics.  Integral  Equations  for  Meson-Nucleon  Scattering.   The  problem  con- 
sists of  integrating  a  set  of  3  equations  in  which  h   integrals  occur  as  functions 
of  the  independent  variable.   The  method  is  an  iterative  one. 

565  T  Physical  Education.  Environmental  Performance  Relationship.  A  multiple 
analysis  method  due  to  McQuitty  is  used  to  investigate  possible  relationships 
between  environmental  variables  and  physical  performance  standards  of  100  college 
freshmen  at  the  University  of  Illinois. 

566  Theoretical  and  Applied  Mechanics.   Interaction  Curves  with  Strain  Hardening. 
By  means  of  volume  and  moment  calculations  a  study  will  be  made  of  moments  and 
forces  of  non-linear  stress  distributions  with  and  without  strain  hardening. 

567  Psychology.  Pattern  Analysis  of  Air  Force  Mechanics.   Test  responses  of 
Air  Force  mechanics  are  compared  in  order  to  measure  the  number  of  items  on  which 
they  agree. 

568  Computer.  Roots  of  Polynomials.   This  is  a  study  of  LeGuerre's  method  of 
finding  roots  of  algebraic  equations . 
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569  T  Physics.   Concentration  of  Di-vacancies  in  Quenching.   The  problem  is  con- 
cerned with  crystal  structure  and  the  Runge-Kutta  method  is  used  in  the  integration 
of  a  resulting  differential  equation. 

570  Computer.  Floating  Point  Differential  Equation  Routine.   This  is  a  program 
which  uses  floating  point  notation  in  the  Runge-Kutta  method. 

571  T  Computer.   Learning  Device  Model.   This  routine  converts  the  Illiac  into  a 
serial  machine  with  a  very  simple  order  code  which  is  used  to  perform  the  set  of 
basic  operations  necessary  to  compound  more  complex  operations.   By  also  "building 
in"  a  basic  learning  routine,  it  becomes  possible  to  "teach"  the  machine  more 
complex  orders  and  thus  to  make  it  more  versatile. 

572  Mechanical  Engineering.  Pipe  Sizing  Charts  for  Steam  Flow.  A  set  of  equations 
describing  steam  flow  in  pipes  is  being  solved  for  the  purpose  of  compiling  a  set 

of  charts . 

573  Accountancy.  Production  Selection.  The  method  of  linear  programming  is 
used  to  solve  a  problem  in  the  selection  of  optimum  production  as  a  function  of 
price,  production,  time  periods,  working  hours  and  storage  capacities. 

57^    Astronomy.   Shock  Waves  in  a  Stellar  Model.   The  problem  is  concerned  with 
the  motion  and  structure  of  spherical  shock  waves  advancing  through  a  medium  in 
which  the  density  is  decreasing  ahead  of  the  shock  front.   It  reduces  to  a  solution 
of  3  differential  equations,  which  are  solved  by  the  Runge-Kutta  method. 

575  Physics.   Orthogonalized  Plane  Wave  Calculation  for  Silicon  Crystal.   The 
problem  is  to  determine  solutions  of  the  Schrodinger  equation  for  an  electron 
in  an  idealized  perfect  single  crystal  of  silicon.   It  is  necessary  to  carry  out 
numerical  evaluation  of  matrix  elements,  do  similarity  transformations  of  matrices, 
and  to  solve  determinantal  equations . 
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576  Physics.   Superconductivity.  A  study  is  made  of  a  simplified  model  for 
superconductivity  suggested  by  Bardeen.  Perturbation  theory  is  used  to  determine 
the  ground  state  for  the  system  as  a  whole  and  a  criterion  for  superconductivity 
is  found  as  a  function  of  the  energy  gap. 

577  T  Chemistry.  Calculation  of  Sedimentation  Coefficients.   The  problem  is  con- 
cerned with  calculation  of  sedimentation  coefficients  in  connection  with  ultra- 
centrifuge  work.   Simpson's  rule  and  a  simultaneous  equations  routine  are  used  to 
solve  the  integral  equations. 

578  Accountancy.  Product  Selection.   The  determination  of  a  product  to  manu- 
facture, given  a  range  of  products,  time  periods  for  manufacture,  prices,  restrictions 
on  capacity,  etc.,  will  be  made  by  using  linear  programming  methods. 

579  Computer.  Product  Moment  Correlation  Routine.   This  routine  is  a  modification 
of  Library  Routine  K  2  for  use  with  the  magnetic  drum. 

580  T  Psychology.  Configural  versus  standard  Method  of  Scoring  the  Strong  Vocational 
Interest  Blank.   This  problem  involves  the  development  of  configural  scoring  keys 

for  seven  occupational  samples  of  fifty  individuals  each  on  a  Strong  Vocational 
Interest  blank.   These  keys  are  to  be  compared  with  those  used  by  Strong  for 
accuracy  in  predicting  occupational  interests.   The  method  used  is  that  developed 
for  McQuitty's  method  of  similarity  analysis  and  will  be  used  to  obtain  a  50  x  50 
matrix  of  agreement  scores. 

581  T  Agricultural  Economics.  Farm  Income.  Multiple  regression  methods  are  used 
to  analyze  the  income  variability  of  live  stock  and  grain  farms  during  the  period 
1936-1953 . 

582  Agronomy.  Fitting  of  Yield  Curve.   The  problem  is  to  fit  a  curve  of  exponential 
form  to  experimental  data.   The  curve  expresses  the  relation  between  yield,  maximum 
yield,  soil  composition  of  a  nutrient,  and  the  added  quantity  of  that  nutrient. 
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583    Sociology.  Cultural  Structure  of  a  College  Community.  A  9^-variable 
product  moment  analysis  and  a  centroid  factor  analysis  involving  10-12  factors 
are  used  to  make  a  macroscopic  study  of  the  total  belief  system  of  a  small  college 
community. 

58^    Structural  Research.  Differential  Equation.   The  Runge-Kutta  method  is  used 
for  finding  the  solution  of  a  second  order  non-linear  differential  equation. 

585  Electrical  Engineering.  Annealing  of  Germanium  by  a  Divacancy  Mechanism. 

A  pair  of  simultaneous  differential  equations  is  solved  with  the  Runge-Kutta  method 
to  study  theoretically  the  annealing  of  thermal  defects  in  germanium. 

586  Agricultural  Economics.  Demand  Analysis.  This  is  a  refinement  of  the  method 
used  in  Problem  559  * 

587  State  Water  Survey.  Estimation  of  Lake  Silting.  The  problem  is  concerned 
with  obtaining  an  equation  which  will  permit  prediction  of  silt  depositing  in  a 
lake  from  knowledge  of  water  shed  conditions.   It  will  be  solved  as  a  multiple 
correlation  and  regression  analysis  involving  eight  variables. 

588  Student  Counseling  Bureau.  Scoring  Strong  Vocational  Interest  Blanks. 

The  problem  is  to  develop  a  program  for  scoring  a  Strong  Vocational  Interest  blank 
in  an  effort  to  reduce  substantially  the  amount  of  time  now  required. 

Table  I  shows  distribution  of  machine  time  for  May. 

TABLE  I 

Regular  Maintenance  and  Illiac  Engineering  58:^2  , 

Unscheduled  Maintenance  or  Repair   .  16:55 

Drum  Engineering'.  12:53 

R.A.R.  6:08 

Leapfrog  65:55 
Wasted  :^k 
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TABLE  I  (Cont.) 
Use  by  Departments 


Computer  Group 

Classes 

Physics 

Control  Systems  Lab. 

Structural  Research  (AF  2499*0 

Psychology 

Psychology  (AF  25726A) 

Education 

Electrical  Engineering  (AF  310 ) 

Chemistry 

Agriculture 

Cosmotron 

Harvard  University 

Indiana  University 

Miscellaneous 

Demonstrations 


TOTAL 


46:23 

24:42 

65:44 

58:22 

30:50 

2:22 

3:32 

3:56 

:12 

44:49 

22:08 

36:12 

5:25 

:47 

11:05 

2:06 

543:35 


V.  ERROR  FREQUENCY  AND  ANALYSIS. 

The  machine  is  normally  used  for  "engineering"  and  maintenance  between 
8:00  A.M.  and  12:00  N,  and  for  a  check  of  its  performance  between  6:00  and  6:30  P.M. 
of  each  weekday.   Since  the  periods  between  8:00  A.M.  and  noon,  together  with 
certain  irregular  periods  like  Saturdays  and  Sundays,  are  devoted  to  a  heterogeneous 
group  of  functions,  it  is  more  instructive  from  an  error  analysis  standpoint  to  look 
at  the  periods  between  noon  and  8:00  A.M.  of  the  next  day  in  order  to  make  an  obser- 
vation of  the  error  frequency  In  the  machine.   This  is  the  actual  period  when  the 
machine  is  designated  for  use.  With  this  in  mind,  a  summary  table  has  been  prepared 
using  the  period  between  noon  and  8:00  A.M.  of  the  next  day.   This  table  lists  the 
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inning  time  when  the  machine  was  operating,  the  amount  of  time  devoted  to  repairs 
)ecause  of  breakdowns,  and  the  number  of  failures  while  the  machine  was  listed  as 

mning.  During  the  6:00-6:30  P.M.  period  (when  the  machine  is  checked)  if  no 
errors  are  found,  the  time  is  given  to  the  "running  column."  Each  failure  was  con- 
lidered  to  have  terminated  a  running  period  and  was  followed  by  a  repair  period  in 
preparing  this  table.   Since  the  leapfrog  code  is  our  most  significant  machine  test, 
the  length  of  time  which  it  has  been  used  on  the  machine  is  listed  separately  to- 
gether with  the  number  of  errors  associated  with  that  particular  code.   This  informa- 
tion for  the  month,  is  presented  in  Table  II. 

It  is  important  to  notice  that  any  interruption  of  machine  time  that  was 
not  planned  for  is  considered  a  failure  in  this  table.   In  rare  cases  where  the 
failure  is  not  known  until  a  later  time,  it  is  possible  that  no  repair  period  is 
associated  with  the  failure.   This  overall  system  has  been  adopted  because  it 
makes  it  possible  for  a  machine  user  to  estimate  directly  the  probability  that  the 
machine  will  be  "running"  at  any  instant  of  time  and  the  probability  of  a  failure 
during  any  given  interval  of  running  time. 

VI.   COMMENTS  01  THE  ILLIAC  AM)  RELATED  FACILITIES. 

New  Punches 

The  new  Teletype  punches  operating  at  60  characters  per  second  have 
"been  put  into  service. 

Magnetic  Drum  Auxiliary  Memory 

Some  additional  tests  have  been  carried  out  on  eight  tracks  comprising 
512  words  on  the  new  drum.   These  tests  show  that  the  frequency  response  of  the 
recording  and  playback  was  such  that  the  80KC  signal  amplitude  measured  at  the 
head  was  about  75$  of  the  40KC  signal  amplitude.   In  the  preamplifier  units  the 
80KC  signal  amplitude  is  reduced  to  about  95$  of  the  ^OKC  amplitude.  Partial 
compensation  for  the  loss  in  high  frequency  response  in  the  drum  reading  heads 
and  preamplifiers  has  been  introduced  into  the  playback  amplifiers . 

Most  of  the  necessary  wiring  has  been  completed  for  the  6k   track,  ^096 
word  memory  which  is  to  be  used  from  June  until  the  final  drum  unit  with  12,800 
words  is  available. 
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New  Method  of  Multiplication 

A  new  method  of  multiplication  was  devised  suitable  for  the  Illiac. 
In  essence,  for  multiplicand  x  and  multiplier  y  the  method  is  this: 

a)  for  y  >  0,  form  xy 

b)  for  y  <  0,  form  (-x) (-y) 

Since  the  digits  of  y  are  sensed  serially,  least  significant  digit  first,  -y 
can  be  formed  by  a  process  used  in  some  serial  computers,  namely  by  leaving 
the  digits  of  y  unchanged  up  to  and  including  the  first  1,  thereafter  changing 
l's  to  0's  and  0's  to  l's.   The  method  would  eliminate  the  present  correction 
circuits,  but  would  fail  if  -1  were  used  as  a  multiplier.   This  method  of 
multiplication  has  not  been  put  into  use. 


VII.  RESEARCH  ON  COMPUTER  COMPONENTS.   (This  work  is  supported  in  part  by  the 
Office  of  Naval  Research  under  Contract  U6ori-0712^ . ) 

The  principal  event  in  May  was  the  comple- 
tion of  a  150- trans  is  tor  5-cLigit  adder. 
Each  stage  is  formed  of  a  chain  of  logical 
elements  as  indicated  in  the  adjoining 
figure.  It  has  been  found  useful  to  have 
a  one-to-one  correspondence  between  the 
logical  elements  and  the  plug-in  units. 
For  the  moment  the  gates  and  the  comple- 
menting circuit  have  not  yet  been  included 
but  provision  has  been  made  for  their 
location  on  the  chassis. 

The  "and"  and  "or"  circuits  as  well  as  the 
flipflops  have  been  described  previously 
(see  the  October  195^-,  January,  1955,  and 
March  1955  reports).   The  "not"  circuits 
have  been  modified  in  such  a  way  that  the 
output  levels  -2V  and  +2V  are  conserved  for 
loads  as  low  as  ^-K.   This  has  been  obtained 


One  Digit  Stage  of  Transistorized  Adder  with  Register  Flipflops 
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by  changing  the  biases  on  the  last  two  emitter- followers  and  by  using  a  diode 
across  the  output. 

The  adder,  after  some  initial  transistor  failures  were  eliminated,  gave 
very  satisfactory  results  in  static  use:   120  hours  did  not  produce  sufficient 
drift  to  upset  any  of  the  circuits.   It  should  be  pointed  out  that  by  eliminating 
the  gates,  conditions  were  more  severe  because  the  output  voltages  of  the  1/2* 
adders  drive  the  flipflops  directly.   Tests  on  the  dynamic  behavior  (carry  pro- 
pagate time,  etc.)  will  be  made  shortly. 

We  finally  received  Si-transistors  of  the  Type  TI904A  having  an  a-cutoff 
frequency  of  8MC.   Considerable  redesigning  of  our  circuits  will  have  to  be  done 
if  we  want  to  use  Si-devices,  the  reason  being  the  large  (and  somewhat  variable) 
voltage  drop  across  the  emitter-base  junction.   The  graph  below  shows  the  input 
characteristic  of  a  silicon  90^-A  transistor  as  compared  to  that  of  a  germanium 
201  transistor. 
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VIII.      CONSTRUCTION. 


Drum  Unit 


The  cross  supports  and  top  upright  supports  were  roughed  out.   The 
two  long  and  one  of  the  two  short  I-beams  are  near  completion  except  for  counter- 
boring  the  transformer  mounting  holes,  and  drilling  the  upright  mounting  holes. 
All  of  the  milling,  however,  was  finished  on  these  three  I-beams .  A  special, 
split,  T-handle,  socket  wrench  was  made  to  be  used  in  adjusting  the  heads  on  the 
new  drum.   Several  more  mechanical  drawings  were  finished.   Several  circuit  changes 
were  made  on  the  drum  test  unit,  especially  in  the  preamplifier  circuits.  Also  67 
cable  connectors  were  made  to  connect  the  6k   preamplifiers  to  the  new  drum.  About 
half  of  these  have  been  completed  and  tested.   The  switch  panel  for  the  final  unit 
has  been  completed.   The  drawing  for  the  wooden  base  was  finished  and  is  now  at 
the  wood  shop  and  should  be  installed  in  the  near  future . 

Transistor  Circuit  Apparatus 

Work  for  the  transistor  group  consisted  of  making  a  panel 
for  a  transistorized  arithmetic  unit.  Also  the  transistor  aging  rack  has  been 
started  and  about  three-quarters  finished.  The  milling  of  the  parts  for  the 
copper  socket  rack  has  been  finished  and  assembly  of  it  has  been  started.   Several 
multiple-gang  switches  were  modified  for  this  unit.   The  two  chassis  for  this  unit 
have  been  finished  and  all  wired  except  for  the  transistor  sockets  and  accompanying 
switches. 

IX.  REPORTS  AND  SEMINARS. 


Reports 


Ph.D.  Thesis  -  "A  Numerical  Solution  to  a  Class  of  Sturm- 
Liouville  Equations"  by  Robert  T.  Gregory 

Paper  -  "Illiac  Design  Techniques"  by  James  E. 
Robertson,  presented  at  University  of 
Michigan,  May  25,  1955- 
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Seminars 

"On  the  Interpolation  of  Tabulated  Functions  Through 
Exponential  Sums  and  on  the  Determination  of  Eigen- 
values from  Schwartz'  Constants,"  by  Gene  H.  Golub, 
May  k,   1955- 

"Oriented  Graphs  and  Sequential  Machines,"  by  Professor 
Franz  E.  Hohn,  May  11,  1955- 

"Improved  Methods  for  the  Iterative  Approximation  of  the 
Roots  of  Algebraic  Equations,"  by  Werner  L.  Frank, 
May  25,  1955. 

Professor  E.  Stiefel,  Director  of  the  Applied  Mathematics  Institute, 
Swiss  Federal  Institute  of  Technology,  Zurich,  presented  a  series  of  three  one-hour 
lectures : 

1)  On  Solving  Well-Conditioned  Linear  Equations  Using 
the  Theory  or  Orthogonal  Polynomials,"  May  31?  1955 • 

2)  On  Solving  Ill-Conditioned  Linear  Equations;  Methods 
of  Best  Strategy,"  June  1,  1955. 

3)  Applications  to  Fredholm  Integral-Equations  and  Con- 
formal  Mapping,"  June  2,  1955- 

X.  PERSOIfflEL„ 

The  personnel  associated  with  the  group  and  hence  the  contributors  to 
this  report  are: 

Allen,  Guy,  Computer  Operator  I 

Breed,  Charles  P.,  Draftsman 

Carter,  Clifford  E.,  Electronics  Engineer  for  Illiac 

Clark,  Miss  Helen  B.,  Secretary  I 

Clements,  Virgil  F.,  Jr.  Laboratory  Mechanic 

Cole,  Douglas,  1/2  time  Visiting  Asst.  Prof,  of  E.E. 

Douglas,  A.  S.,  Visiting  Asst.  Prof,  of  Mathematics 

Eadie,  Miss  Iva  Jean,  Student  Assistant 

Farrington,  Carl  C,  1/2  time  Research  Assistant 

Fetzner,  Mrs.  Muriel  P.,  Computer  Teletype  Operator 

Fishel,  Jerome  H. ,  l/2  time  Research  Assistant 

Frank,  Werner  L.,  l/2  time  Research  Assistant 

Germaine,  Jack  H.,  Jr.  Electronics  Technician 

Golub,  Gene  H. ,  1/2  time  Research  Assistant 

Gregory,  Robert  T.,  1/2  time  Research  Assistant 
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Hill,  Robert  S.,  Student  Assistant 
Huffman,  Wm.  L.,  Computer  Operator  II 
Kerkering,  Thomas  E.,  Sr.  Laboratory  Mechanic 
Lopeman,  Harold  E.,  Electronics  Engineer  for  Illiac 
McGinnis,  Gerald  A.,  Sr.  Electronics  Technician 
Meagher,  R.  E.,  Chief  Engineer 
Michael,  George  W.,  Administrative  Assistant 
Miller,  Raymond  E.,  l/2  time  Research  Assistant 
Muller,  David  E.,  Res.  Asst.  Prof,  of  Applied  Math. 
Nash,  J.  P.,  Res.  Prof,  of  Applied  Math. 
Newmark,  N.  M.,  Chairman,  Executive  Committee 
Ogata,  Albert  I.,  Student  Assistant 
Pelg,  Edmund,  Jr.  Electronics  Technician 
Polivka,  Raymond  P.,  l/2  time  Research  Assistant 
Poppelbaum,  W.  J.,  Research  Associate 
Robertson,  James  E.,  Res.  Asst.  Prof,  of  Elec.  Eng. 
Russell,  Miss  Ramona  J.,  Computer  Operator  I 
Schneberger,  Edward  J.,  1/2  time  Research  Assistant 
Seshu,  Mrs.  Lily  H.,  l/2  time  Research  Assistant 
Stephens,  Allen,  Jr.  Laboratory  Mechanic 
Taub,  A.  H.,  Res.  Prof,  of  Applied  Math- 
Wenta,  Joseph,  Sr.  Electronics  Technician 
Wier,  Joseph  M„,  Research  Associate  (3A  time) 
Yii,  Roland  H.C.,  l/2  time  Research  Assistant 
Yu,  Hwa-Nien,  1/2  time  Research  Assistant 

The  work  of  the  group  is  under  the  administration  of  an  Executive  Committee 
with  the  following  members:   N.  M.  Newmark,  Chairman,  D.  E.  Muller,  J.  E.  Robertson, 
A.  S.Douglas,  J.  P.  Nash,  A.  H.  Taub,  and  R.  E.  Meagher. 


e, 


R.  E.  Meagher 
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UNIVERSITY  OF  ILLINOIS 
GRADUATE  COLLEGE 
DIGITAL  COMPUTER  LABORATORY 


TECHNICAL  PROGRESS  REPORT 

Teaching  and  graduate  research  are 
not,  in  general,  reported  herein. 


June  1  -  June  30,  1955 


I.  MATHEMATICAL  RESEARCH  AND  PROGRAMMING o   (This  work  is  supported  in  part  by 
the  Office  of  Naval  Research  under  Contract  N6ori-O7130. ) 

Boolean  Algebra 

The  study  of  the  theory  of  asynchronous  circuits  vas  continued,  leading 
to  a  more  rigorous  formulation  of  the  theory  and  to  a  number  of  new  theorems . 

Random  Numbers 

An  analysis  was  successfully  completed  of  the  length  of  the  sequence 

ko 

of  integers  modulo  2   obtained  by  a  rule  of  the  form 

A:   =  £  a,  A  ,  , 
n-fq   k=i  k  n+q-k 

where  the  a,  are  integers  and  a  is  odd.  The  result  is  of  interest  in  as  much  as 
k  q 

such  a  sequence  was  proposed  as  a  source  of  pseudo- random  digits.  The  numbers  in 
the  sequence  were  found  to  be  unsatisfactory  pseudo- random  numbers. 

A  report  is  now  being  prepared  which  includes  results  of  tests  on  a  method 
which  generates  a  sequence  of  numbers  which  is  known  to  be  at  least  10  million 
numbers  long  at  the  rate  of  0.6  millisecond  per  number.  The  results  of  tests 
applied  to  this  sequence  were  satisfactory. 

Matrix  Operations 

A  routine  has  been  prepared  for  multiplication  of  a  matrix  or  its 
transpose  by  a  vector,  taking  advantage  of  the  zero  elements  of  the  matrix. 
In  conjunction  with  this  there  is  also  an  input  routine  which  reads  a  matrix 
punched  on  tape  and  stores  it  (marking  the  zero  elements)  in  a  form  for  multi- 
plication. These  routines  are  steps  toward  the  solution  of  a  set  of  simultaneous 
linear  algebraic  equations. 

Solution  of  Algebraic  Equations 

Further  investigations  were  made  of  the  formulas  developed  by  Maehly. 
A  second  one  was  programmed  but  results  were  not  as  good  as  expected. 

A  comparison  test  was  made,  counting  the  iterations  needed  by  Library 
Routine  J  1  and  by  the  method  of  LaGuerre.  It  was  found  that  J  1  requires  about 
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twice  as  many  iterations  as  the  LaGuerre  method.  A  set  of  polynomials  provided 
by  a  member  of  the  Economics  Department,  and  which  had  not  been  solvable  by  J  1, 
were  solved  successfully  by  the  other  method.  These  polynomials  were  of  about 
the  17th  degree  with  a  few  high-order  terms  and  almost  no  low  order  terms .  Each 
had  a  root  very  close  to  unity. 

Numerical  Differentiation 

The  numerical  differentiation  routine  is  still  in  the  programming 
stage.  One  program  for  performing  this  calculation  was  discarded  in  favor  of 
a  more  efficient  method.  Originally  it  was  planned  to  calculate  the  interpolate 
to  depth  d,  then  the  first  derivative  to  depth  d,  the  second  derivative  to  depth 
d,  etc.  This  required  storing  the  interpolate  and  the  first,  second,  etc. 
derivatives  at  all  intermediate  depths.   It  is  now  planned  to  calculate  the 
interpolate  and  the  derivatives  at  the  first  depth  (i.e.,  as  a  function  of  2  mesh 
points.)  These  may  then  be  overwritten  by  the  interpolates  and  derivatives  at 
the  second  depth,  which  in  turn  may  be  overwritten  by  the  interpolates  and 
derivatives  at  the  third  depth,  etc. 

II.  ANALYTICAL  PROGRAM.   (This  work  is  supported  in  part  by  National  Science 
Foundation  Grant  G-1221.) 

Work  is  in  progress  on  an  Illiac  program  for  solving  any  Sturm-Liouville 
ordinary  differential  equation  with  homogeneous  boundary  conditions .  The  method 
will  involve  evaluating  the  corresponding  Lagrangean  integral  for  a  set  of 
admissible  functions.  These  functions  will  be  made  up  of  polynomial  arcs  which 
are  continuous  and  have  a  prescribed  number  of  continuous  derivatives  at  the 
mesh  points .  The  resulting  quadratic  form  in  the  ordinates  of  the  function  will 
then  be  minimized. 

A  study  is  underway  of  the  nature  of  the  solutions  of  the  equations  of 
pseudo-stationary  flow  in  the  neighborhood  of  a  singular  point  on  a  shock.  The 
singular  point  is  such  that  the  shock  has  one  straight  branch  and  one  curved 
branch  emanating  from  the  singular  point  but  the  tangent  to  the  shock  is  continuous 
at  the  singular  point. 
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The  problems  connected  with  writing  an  Illiac  program  for  the  integration 
of  the  equations  of  stationary  or  pseudo- stationary  flow  behind  a  shock  are  being 
investigated.  The  particular  form  of  the  equations  being  used  is  that  proposed 
by  Taub  in  a  paper  entitled  "Determination  of  Flows  Behind  Stationary  and  Pseudo- 
Stationary  Flows"  to  appear  in  the  Annals  of  Mathematics.   The  Stability  of  these 
differential  equations  is  also  being  studied. 

III.   LIBRARY  ROUTINES - 

During  the  past  month  the  following  three  programs  were  added  to  the 
active  Illiac  Library.  Library  Routine  E  3  "was  written  by  Mr.  Leonard  Isaacson 
of  the  Department  of  Chemistry  and  Chemical  Engineering. 

M  lk   (l8o)     Linear  Matrix  Equation  Solver  and  General 
Matrix  Inversion.  115  words.  The  program 
uses  the  method  of  M  13  to  solve  the  matrix 
equation  AX  =  B  or  to  invert  A.  Two  auxiliary 
routines  are  included  to  provide  flexible 
means  for  handling  the  matrices  A  and  B  and 
the  solution  X.  One  can 

1)  successively  generate  A  and  B  row 
by  row  so  that  the  whole  matrix  need 
not  be  in  the  computer  at  one  time, 
or 

2)  have  the  matrices  located  on  the  mag- 
netic drum,  in  the  Williams  memory,  or 
on  tape. 

Similarly,  one  can  obtain  successive  columns 
of  X  and  store  them  on  the  drum  or  punch 
them  on  tape  so  that  X  need  not  be  stored  in 
its  entirety. 
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K 


K  6  (185) 


Chi-Squared 

23  words 

.   This 

program 

cal- 

2 
culates  s 

given 

fcy 

m-1 

s   =  sn  Z 
i=0 

(Pi 

Pi 

where  s  and  n  are  parameters  used  for  scaling. 
The  value  of  s  is  usually  1,  10,  100  or  1000 
and  a  logical  value  for  n  is  the  sample  size. 

E  3  (196)     Integration  by  Simpson's  Rule  (Function  Values) . 
38  words .  This  program  requires  an  auxiliary 
routine  to  calculate  f (x)  at  an  odd  number  of 
points  which  are  specified  by  E  3.   The  routine 
is  otherwise  similar  to  E  2  which  requires  a 
set  of  tabulated  values  of  f(x). 

IV.  MAC  HIKE  USE. 

During  June  the  following  28  new  problem  specifications  were  presented. 
This  list  does  not  indicate  how  the  Illiac  was  used  because  large  amounts  of 
machine  time  may  have  been  consumed  by  problems  with  numbers  less  than  589 • 
Numbers  followed  by  T  are  for  thesis  problems. 

589  Physics.  Calculation  of  Ion- Paths  of  University  of  Illinois  Cyclotron. 
The  calculation  involves  evaluating  a  set  of  formulas  based  upon  the  assumption 
that  ions  follow  a  circular  path  for  small  increments  of  path. 

590  Cosmotron.  Equations  of  Motion  for  a  Fixed  Field  Alternating  Gradient 
Synchrotron.  This  problem  consists  of  solving  a  set  of  differential  equations 
expressed  as  h   simultaneous  first-order  equations. 

591  Chemistry.  Linear  Programming.  This  program  is  an  adaptation  of  Library 
Routine  M  15  for  the  magnetic  drum. 
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592  Psychology..  Determination  of  Modification  Factors.   This  problem  requires 
the  plotting  of  some  30  axes  in  graphs,  of  calculating  the  inverse  of  a  15  x  15 
triangular  matrix  and  of  principle  components  factoring  of  a  matrix. 

593  Physics.   High  Energy  Nucleon-Tfucleon  Scattering.   The  problem  requires  the 
solution  of  several  second-order  differential  equations  for  various  values  of  a 
number  of  parameters.  A  sixth-order  iteration  scheme  is  used. 

59^-    Physics.  Photon- Hue leon  Scattering.   The  solution  of  this  problem  requires 
the  integration  of  about  l6  integrals  for  single  photon  energy. 

595  Psychology.   Humor  Study  Development.   The  aim  of  this  program  is  to  develop 
a  new  form  of  the  Cattell  Humor  Test.  Solution  will  involve  the  obtaining  of  an 

8l  x  8l  product  moment  correlation  matrix,  the  performance  of  a  centroid  factor 
analysis  on  this  matrix,  and  the  performance  of  a  number  of  quartimax  rotations. 

596  Computer.  Floating  Address  Routine.  This  program  is  an  input  routine  being 
designed  for  the  Illiac. 

597  T  Structural  Research.  Solution  of  Simultaneous  Equations  by  Relaxation. 
In  this  problem  the  relaxation  patterns  are  chosen  so  that  for  linear  equations 
and  symmetric  matrices,  solution  will  be  obtained  in  n  steps. 

598  Computer.  Faster  Version  of  Library  Routine  W  2.  This  is  a  prospective 
library  routine  with  higher  speed  than  Library  Routine  TJ  2. 

599  Computer.  Generation  of  a  Random  Multivariate  Normal  Sample.  Given  a 
covariance  matrix,  this  program  generates  a  multivariate  normal  distribution. 
In  order  to  reduce  the  problem  to  the  univariate  case,  the  covariance  matrix 
is  transformed  to  diagonal  form.   Then  after  generating  random  numbers,  it  is 
only  necessary  to  solve  a  set  of  integrals. 
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600  Physics.  Fate  of  Vacancies  During  Quench.   The  Runge-Kutta  method 
is  used  to  solve  two  simultaneous  differential  equations  which  describe  the 
formation  of  di- vacancies  from  single  vacancies  and  the  absorption  of  both 
vacancies  and  di-vacancies  at  dislocation. 

601  Chemistry.  Evaluation  of  a  Vapor  Pressure  Equation.  A  transcendental 
vapor  pressure  equation  is  solved  by  a  trial  and  error  method. 

602  T  Chemistry.  Evaluation  of  Ultra- centrifuge  Data.  Simpson's  Eule  is 
used  to  perform  the  integrations  required  for  this  problem. 

603  T  Psychology.  Prediction  of  Success  in  Engineering.   The  McQuitty  Pattern 
Analytic  Method  is  used  to  evaluate  the  responses  of  90  students  on  the  Kuder 
Preference  Record. 

60k         Physics.  Electron-Electron  Scattering.   This  program  integrates  the 
radial  Schroedinger  equation  using  the  Noumerov  method. 

605  Psychology.  Empirical  Estimation  of  Communalities .  Ho   exact  solution 
is  known  for  finding  communalities  in  the  general  case,  but  a  number  of  methods 
have  been  suggested.  This  problem  compares  several  of  these  methods  with  the 
new  objective  procedure  that  was  used  recently  with  good  results . 

606  Institute  of  Communications  Research.  Analysis  of  Responses  to  Mental 
Health  Questionnaire.   The  computer  is  used  to  calculate  correlations  and 

to  do  a  factor  analysis. 

607  T  Psychology.   Correlation  of  Additives.   The  problem  to  be  investigated 
is  S  Will  persons  with  different  organizations  of  religious  attitudes  have 
different  personality  traits?  Use  will  be  made  of  Library  Routine  K  2  to 
calculate  produce  moment  correlations,  means,  standard  deviations,  variances 
and  covariances. 
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608  Institute  of  Communications  Research.  Factoring  of  Evaluative  Semantic 
Scales*  A  class  of  3^+  scales  was  found  to  be  homogeneous  relative  to  a  larger 
battery  in  an  earlier  analysis.   This  subset  is  now  being  subjected  to  a  final 
analysis.  The  computation  will  require  obtaining  latent  roots  of  a  correlation 
matrix,  factoring  the  matrix  and  rotating  the  factors  by  the  quartimax  method. 

609  Computer.  Matrix  Multiplication.  This  is  a  routine  for  multiplying  a 
matrix  A  by  a  vector  K.  The  characteristic  of  the  routine  is  that  only  non- 
zero elements  are  stored  and  utilized. 

610  Structural  Research.  Natural  Frequencies  and  Mode  Shapes  of  a  Shear 
Beam  with  Unequal  Masses.  The  physical  problem  reduces  to  a  system  of  second- 
order  differential  equations . 

611  Institute  of  Communications  Research.  Validation  of  Factors  of  Mental 
Health  Beliefs.  The  stability  of  an  obtained  factor  structure  dealing  with 
opinions  on  mental  health  is  being  investigated  by  repeating  the  analysis  on 
a  new  sample  of  persons. 

612  Physics.  Structure  Coefficients  for  Cubic  Lattices.  The  tabulated 
values  are  required  for  the  evaluation  of  the  secular  equations  needed  to 
obtain  the  band  structure  of  cubic  structures. 

613  Bureau  of  Educational  Research.  Response  Sets  in  Forced-Choice  Items. 
The  problem  being  investigated  is  whether  an  individual  is  prone  to  adopt 
one  or  two  patterns  of  associating  rank  with  position  of  the  statement  in  a 
set  of  3  statements.  The  method  is  based  on  Kendall's  "coefficient  of  con- 
cordance. " 

6±k   T  Physics,  x.     Meson  Counting  Efficiency.  This  problem  uses  Monte  Carlo 
methods  to  determine  the  geometrical  efficiency  for  detecting  one  or  both  of 
the  gamma- rays  from  if  decays. 
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615  T  Psychology.  D-Statistic.  The  problem  requires  computation  of  a  quantity 
depending  upon  two  indices  and  then  the  printing  of  the  quantity  in  a  triangular 
area. 

616  Psychology.  Drum  Centroid  Factor  Analysis.  This  problem  uses  the 
magnetic  drum  for  carrying  out  a  centroid  factor  analysis. 

Table  I  shows  distribution  of  machine  time  for  June. 


TABLE  I 

Regular  Maintenance  and  Illiac  Engineering 

Unscheduled  Maintenance  or  Repair 

Drum  Engineering 

Leapfrog 

R.A.R. 

Wasted 

Demonstrations 


58:59 

25:50 

50:36 

62:38 

5:55 

1:25 

1:12 


Use  by  Departments 
Computer  Group 
Classes 
Physics 

Control  Systems  Lab. 
Structural  Research 
Structurel  Research  (AF  2^994) 
Psychology 

Psychology  (AF  25726a) 
Education 

Electrical  Engineering 
Chemistry 
Agriculture 
Cosmotron 
Indiana  University 
Miscellaneous 


Total 


17:29 

1:40 
82: 16 
57:02 

3:00 
25:25 

8:52 
16 :  51 

5:41 
17:18 

9:19 
20:34 

23:35 

5:36 

38:40 

338:18 
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V.   ERROR  FREQUENCY  AND  ANALYSIS. 

The  machine  is  normally  used  for  "engineering"  and  maintenance  between 
8:00  A.M.  and  12:00  IT,  and  for  a  check  of  its  performance  between  6:00  and 
6:30  P.M.  of  each  weekday.   Since  the  periods  between  8:00  A.M.  and  noon,  to- 
gether with  certain  irregular  periods  like  Saturdays  and  Sundays,  are  devoted 
to  a  heterogeneous  group  of  functions,  it  is  more  instructive  from  an  error 
analysis  standpoint  to  look  at  the  periods  between  noon  and  8:00  A.M.  of  the 
next  day  in  order  to  make  an  observation  of  the  error  frequency  in  the  machine. 
This  is  the  actual  period  when  the  machine  is  designated  for  use.  With  this  in 
mind,  a  summary  table  has  been  prepared  using  the  period  between  noon  and  8:00  A.M. 
of  the  next  day.   This  table  lists  the  running  time  when  the  machine  was  operating, 
the  amount  of  time  devoted  to  repairs  because  of  breakdowns,  and  the  number  of 
failures  while  the  machine  was  listed  as  running.  During  the  6:00-6:30  P.M. 
period  (when  the  machine  is  checked)  if  no  errors  are  found,  the  time  is  given 
to  the  "running  column."  Each  failure  was  considered  to  have  terminated  a 
running  period  and  was  followed  by  a  repair  period  in  preparing  this  table. 
Since  the  leapfrog  code  is  our  most  significant  machine  test,  the  length  of 
time  which  it  has  been  used  on  the  machine  is  listed  separately  together  with 
the  number  of  errors  associated  with  that  particular  code.   This  information 
for  the  month  is  presented  in  Table  II. 

It  is  important  to  notice  that  any  interruption  of  machine  time  that  was 
not  planned  for  is  considered  a  failure  in  this  table.   In  rare  cases  where  the 
failure  is  not  known  until  a  later  time,  it  is  possible  that  no  repair  period 
is  associated  with  the  failure.   This  overall  system  has  been  adopted  because 
it  makes  it  possible  for  a  machine  user  to  estimate  directly  the  probability 
that  the  machine  will  be  "running"  at  any  instant  of  time  and  the  probability 
of  a  failure  during  any  given  interval  of  running  time . 

VI.   COMMENTS  ON  THE  ILLIAC  AND  RELATED  FACILITIES. 

Magnetic  Drum  Auxiliary  Memory 

The  wiring  required  for  the  4096  temporary  drum  storage  unit  was 
completed*   After  the  wiring  errors  were  found  and  eliminated,  the  unit  was 
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made  available  for  use  with  the  Illiac.   Tube  failures  were  initially  a  source 

of  difficulty;  all  vacuum  tubes  in  the  unit  were  checked  during  the  interval 

June  10- July  1.   Those  which  failed  to  meet  original  specifications  (about  35$) 
were  replaced. 

Circuits  for  strobing  playback  signals  ahead  of  the  flipflop  have  been 

installed  in  the  playback  amplifiers  of  the  drum  storage  unit,  with  a  consequent 
increase  in  gain  tolerance  ratio  from  1.3  to  1*7» 

Photoelectric  Tape  Comparer  Unit 

The  photoelectric  tape  comparer  was  out  of  operation  for  about  one 
week.  This  trouble  was  traced  to  faults  in  alignment  of  the  sprocket  hole  on 
Reader  "I."  The  shop  corrected  the  misalignment  by  widening  the  sprocket  hole 
on  the  reader  base.  During  the  month  the  comparer  also  would  not  compare  tapes 
which  looked  alike  at  a  glance.  This  trouble  was  traced  to  a  faulty  reperforator 
unit  which  had  the  wrong  spacing  of  characters  per  inch  and  were  also  misaligned 
laterally.  The  reperforator  was  repaired. 

The  tubes  in  the  comparison  circuit  of  the  photoelectric  tape  comparer 
were  checked.  Many  were  low  on  emission.  Over  half  the  tubes  were  replaced. 
It  is  believed  that  the  operating  temperature  is  high  enough  to  cause  some  of 
these  tube  failures.  For  this  reason  a  room  fan  has  been  placed  back  of  the 
unit  and  should  be  on  whenever  the  unit  is  on.   In  the  final  installation  cooling 
provisions  should  be  made  by  having  an  installed  blower  which  goes  on  with  the 
ac  switch. 

VII.  RESEARCH  ON  COMPUTER  COMPOIJENTS .   (This  work  is  supported  in  part  by  the 
Office  of  Naval  Research  under  Contract  U"6ar i -  0712^ . ) 

Direct-Coupled  Transistor  Circuits 

The  three  resistor  flipflop  described  in  the  May  report  was  modified 
according  to  the  adjoining  figure. 

1.  The  collector  resistor  of  the  GB  amplifier  is  divided  into  two 
halves  and  an  output  is  taken  from  the  middle. 
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2.  The  emitter  follower  has  a  collector  resistor  and  a  second 
output  is  taken  from  this  collector. 

3.  The  base  of  the  "GB"- amplifier  is  no  longer  directly  connected 
to  ground:  This  allows  us  to  apply  a  trigger  which  is  out  of 
phase  with  respect  to  that  applied  ordinarily. 

The  result  of  all  this  is  a  flipflop  with  two  out  of  phase  inputs  and 
two  out  of  phase  outputs.  The  latter  have  approximately  the  same  impedance, 
the  same  quiescent  voltage  and  the  same  voltage  swing.  The  speed  is  of  the 
same  order  as  before  (  <.  0.5m-s),  hut  the  tolerance  on  the  supply  voltage  is 
considerably  increased. 

Fast  Vacuum  Tube  Circuits 

An  investigation  of  some  more  types  of  flipflops  which  might  be 

—8 
suitable  for  10   second  circuits  led  to  the  design  of  a  flipflop  which  uses 

the  normal  type  of  asymmetrical  tube  flipflop  plus  a  capacitor  to  achieve  a 

curcuit  of  apparently  very  high  speed.   This  is  done  by  using  the  flipflop  to 
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hold  the  circuit  stable  in  a  dc  sense  and  using  a  capacitor  to  provide  short 
time  storage  of  the  new  information  while  the  tube  flipflop  has  time  to  reach 
its  new  stable  state.   The  following  circuit  was  tested. 
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Gating  is  intended  to  be  done  directly  from  one  capacitor  to  another.  Thus  a 
gating  voltage  of  no  more  than  20  volts  is  required  at  the  grid,  even  though 
the  plate  may  move  much  farther  than  that.  The  gating  time  is  determined  by 
the  time  necessary  to  change  the  voltage  upon  the  capacitor  by  20  volts.   If 
the  flipflop  is  not  completely  over  at  the  end  of  the  gate,  the  capacitor  will 
hold  the  grid  in  position  long  enough  for  this  to  take  place.  As  the  bleeder 
now  need  not  be  a  very  low  impedance  circuit,  the  size  of  the  capacitor  may  be 
made  quite  small.   Thus  very  high  speed  gating  is  still  possible.  A  problem 
does  arise,  however,  in  that  small  input  swings  do  not  allow  for  much  tolerance 
in  the  design  of  the  gating  circuits.  As  an  example,  at  one  point  in  such  a 
gating  circuit  it  was  necessary  to  form  a  positive  and  circuit.  With  the  normal 
type  logic  this  entails  the  use  of  diodes.   In  order  that  the  capacitance  that 
this  circuit  was  called  upon  to  drive  could  be  charged  by  20  volts  in  10   second, 
a  current  of  ^0  ma.  was  calculated  to  be  necessary.  This  means  that  with  a  maximum 
of  20  volts  input  charge,  the  current  in  one  diode  must  change  by  kO   ma.   Other 
gating  circuits  need  to  be  investigated. 

Another  gating  circuit  for  the  secondary  emission  flipflops  was  devised. 
This  circuit  is  shown  below. 
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In  order  to  gate  from  tube  A  to  tube  B,  the  cathode  of  tube  B  is  raised  enough 
to  cut  tube  B  off.   Then,  tube  A  will  cause  the  dynode  of  B  to  become  the  same 
voltage  as  that  of  the  dynode  of  tube  A  through  the  connecting  resistor  link. 
When  conducting,  the  dynode  is  able  to  hold  the  set  condition  regardless  of  the 
state  of  the  flipflop  on  the  opposite  end  of  the  resistor  since  it  will  supply 
a  negative  pulling  current  when  in  the  down  state  and  a  positive  pulling  one 
when  in  the  up  state.   It  should  be  stressed  that  this  is  a  relatively  slow  gate 
since  practically  the  coupling  resistor  must  be  fairly  large.   It  also  may  not 
be  used  with  many  coupling  resistors  fastened  to  the  same  tube  since  these 
coupling  resistors  will  load  the  circuit  too  much. 

VIII.  CONSTRUCTION. 

The  main  work  of  the  shop  was  on  the  final  drum  unit.   The  main  frame 
for  the  drum  unit  was  completed  and  set  up.  All  detailed  mechanical  drawings 
for  the  frame  and  other  structural  parts  have  been  completed. 

A  transistor  aging  rack  which  will  permit  the  operation  of  transistors 
at  controlled  high  temperatures  has  been  completed. 

The  shop  lathe  has  been  cleaned  and  adjusted.  A  new  head  stock  and 
tail  stock  have  been  received  because  the  older  head  stock  had  been  out  of 
alignment  with  the  lathe 

IX.  REPORTS  AND  SEMINARS. 

Seminars 

"The  Calculation  of  the  Latent  Roots  and  Vectors  of  Matrices  on 
the  Pilot  Model  of  the  A.C.E.,"  Part  I,  by  J.  H.  Fishel, 
June  22,  1955- 

"The  Calculation  of  the  Latent  Roots  and  Vectors  of  Matrices  on 
the  Pilot  Model  of  the  A.C.E.,"  Part  II,  by  Lily  H.  Seshu, 
June  29,  1955- 

X.  PERSONNEL. 

The  personnel  associated  with  the  group  and  hence  the  contributors  to 
this  report  are: 

Allen,  Guy,  Computer  Operator  I 
Breed,  Charles  P.,  Draftsman 
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Carter,  Clifford  E.,  Electronics  Engineer  for  Illiac 

Chow,  Yuan  So,  Research  Assistant  (started  June  l6) 

Ciccanti,  Anthony,  Student  Assistant  (started  June  13 ) 

Clark,  Miss  Helen  B„,  Secretary  I 

Clements,  Virgil  F.,  Jr.  Laboratory  Mechanic 

Cole,  Douglas,  l/2  time  Visiting  Asst.  Prof,  of  E.E.  (until  June  15) 

Davenport,  Mrs.  Margery,  Student  Assistant  (started  June  22) 

DeWit,  Roland,  Research  Assistant  (started  June  l6) 

Douglas,  A.  S.,  Visiting  Asst.  Prof,  of  Mathematics 

Ephgrave,  James  T.,  Student  Assistant  (started  June  20) 

Farrington,  Carl  C,  Research  Assistant 

Fetzner,  Mrs.  Muriel  P.,  Computer  Teletype  Operator 

Fishel,  Jerome  H.,  Research  Assistant 

Frank,  Werner  L.,  l/2  time  Research  Assistant 

Golub,  Gene  H.,  l/2  time  Research  Assistant  (until  June  15) 

Gregory,  Robert  T., 

Hill,  Robert  S.,  Student  Assistant 

Holm,  Walter  H.,  Jr.  Electronics  Technician  (started  June  13) 

Huffman,  Wm.  L„,  Computer  Operator  II 

Kerkering,  Thomas  E.,  Sr.  Laboratory  Mechanic 

Lopeman,  Harold  E.,  Electronics  Engineer  for  Illiac 

McGinnis,  Gerald  A.,  Sr.  Electronics  Technician 

Meagher,  R.  E.,  Chief  Engineer 

Michael,  George  W.,  Administrative  Assistant 

Miller,  Raymond  E.,  1/2  time  Research  Assistant 

Muller,  David  E.,  Res.  Asst.  Prof,  of  Applied  Math. 

Nash,  J.  P.,  Res.  Prof,  of  Applied  Math. 

Newmark,  N.  M.,  Chairman,  Executive  Committee 

Ogata,  Albert  I.,  Student  Assistant 

Pelg,  Edmund,  Jr.  Electronics  Technician 

Polivka,  Raymond  P.,  Research  Assistant 

Poppelbaum,  W.  J.,  Research  Associate 

Robertson,  James  E.,  Res.  Asst.  Prof,  of  Elec.  Eng. 

Russell,  Miss  Ramona  J.,  Computer  Operator  I 

Schneberger,  Edward  J.,  Research  Assistant 

Seshu,  Mrs.  Lily  H.,  l/3  time  Research  Assistant 

Stephens,  Allen,  Jr.  Laboratory  Mechanics 

Suzuki,  Michio,  Research  Associate  (started  June  l6) 

Taub,  A.  H„,  Res.  Prof,  of  Applied  Mathematics 

Wenta,  Joseph,  Sr.  Electronics  Technician 

Wier,  Joseph  M. ,  Research  Associate 

Yii,  Roland  H.  C,  1/2  time  Research  Assistant 

Yu,  Hwa-Nien,  Research  Assistant 

The  work  of  the  group  is  under  the  administration  of  an  Executive  Committee 

with  the  following  members:   N.  M.  Newmark,  Chairman,  D.  E.  Muller,  J.  E.  Robertson, 

A.  S.  Douglas,  J.  P.  Nash,  A.  H.  Taub,  and  R.  E.  Meagher. 
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July  l  -  July  31,  1955 


I.  MATHEMATICAL  RESEARCH  AND  PROGRAMMING.   (This  work  is  supported  in  part  by 
the  Office  of  Naval  Research  under  Contract  N6ori-O7130. ) 

Roots  of  Polynomials 

By  developing  a  formula  for  the  error  of  the  method  used  in  Library 
Routine  J-l  it  is  possible  to  derive  an  expression  for  the  order  of  the  process 
as  it  converges  to  single  and  double  roots.  These  orders  turn  out  to  be  1.8^ 
and  1.23  respectively.  This  work  has  been  submitted  for  publication. 

A  modification  of  J-l  has  been  made  which  is  known  to  converge  and 
which  successfully  finds  roots  of  certain  polynomials  for  which  J-l  loops. 

Eigenvalues  and  Eigenvectors 

The  Jacobi  method  for  finding  eigenvalues  and  eigenvectors  of  a  symmetric 
matrix  has  been  programmed  for  use  with  the  magnetic  drum.  The  program  is  an  auto- 
matic one  and  stores  as  much  of  the  matrix  as  possible  in  the  electrostatic  memory. 

A  principal  objection  to  the  Jacobi  method  when  used  with  serial  storage 
devices  is  that  matrix  elements  must  be  treated  both  in  rows  and  in  columns .  Thus 
the  access  time  becomes  very  large  when  elements  stored  as  rows  must  be  read  as 
columns .  The  electronic  switching  of  tracks  on  the  Illiac  magnetic  drum  makes  it 
possible  to  avoid  this  problem,  for  one  can  switch  tracks  in  time  to  record  or 
play  back  from  the  next  position  on  any  track.  With  6k   words  per  track,  an 
element  A.,  is  stored  on  the  drum  in  location  p  +  65 j  +  k.  The  elements  of 
the  first  row  are  then  in  locations  p,  p+1,  p+2,  . . .  while  those  of  the  first 
column  are  in  p,  p+65^  p+130, * . . .  Either  rows  or  columns  can  be  read  with 
equal  speed. 

Magnetic  Drum  Programming 

Work  continues  on  programming  for  the  magnetic  drum  with  emphasis 
upon  efficient  recording  and  playback  routines.   One  scheme  uses  8-bit  blocks, 
consisting  of  either  function  digits  or  address  digits  and.  stores  library 
routines  on  the  drum  almost  exactly  as  they  appear  on  tape.  Some  saving  in 
space  over  electrostatic  storage  is  gained  by  taking  advantage  of  the  fact 
that  many  library  routines  have  addresses  less  than  6k. 


-1- 


Present  plans  call  for  disconnecting  the  record  tubes  and  setting 
aside  the  2560  drum  locations  on  the  first  ^0  tracks  for  permanent  storage. 
The  remaining  10,2^0  locations  from  position  2560  to  position  12,799  "will  be 
generally  available. 

II.  ANALYTICAL  PROGRAM.   (This  work  is  supported  in  part  by  National  Science 
Foundation  Grant  G-1221.) 

Iterative  formulas  have  been  developed  for  generating  polynomial 
arcs  which  are  used  to  make  up  the  admissible  functions  for  the  evaluation 
of  the  Lagrangian  integral  whose  variation  is  equivalent  to  a  Sturm-Liouville 
differential  equation  with  homogeneous  boundary  conditions .  Formulas  have 
also  been  obtained  for  the  quadratic  form  which  results  when  these  admissible 
functions  are  substituted  into  the  Lagrangian  integral. 

In  stationary  flow,  if  a  shock  with  a  straight  branch  has  a  singular 
point  on  it  then  it  is  a  simple  wave  in  a  region  bounded  by  characteristics 
through  the  singular  point  and  the  streak  line  emanating  from  that  point.  A 
study  is  being  made  to  see  whether  this  fact  can  be  used  to  determine  the 
detailed  nature  of  the  flow  in  the  neighborhood  of  such  a  singular  point . 

It  has  been  shown  that  the  differential  equations  describing  the 
flow  behind  a  shock  as  formulated  in  the  paper  "Determination  of  Flows  Behind 
Pseudo- stationary  and  Stationary  Shocks"  are  stable  in  case  the  flow  behind 
the  shock  is  supersonic . 

The  Einstein  field  equations  for  the  gravitational  field  determined 
by  a  perfect  fluid  have  been  investigated  for  the  case  where  all  quantities 
exhibit  plane  symmetry .  Static  solutions  have  been  found  for  a  variety  of 
cases  and  in  this  case  a  computational  procedure  has  been  developed  for  deter- 
mining the  gravitational  field  for  a  fluid  having  an  arbitrary  caloric  equation 
of  state.  A  special  class  of  non-static  isotropic,  flows  and  the  gravitational 
fields  they  generate  have  been  determined. 

III.  LIBRARY  ROUTINES. 

During  the  past  month  the  following  two  programs  were  added  to  the 
Illiac  Auxiliary  Library.  Both  of  these  programs  were  prepared,  by  Mr.  R.  J. 
Twery  of  the  Department  of  Psychology. 


M  l6  (187)    Matrix  Multiplication  When  the  Common  Dimension 

is  Large .  Complete  Program.  This  program  forms 

the  product  C  .,  =  A.  B  ,  subject  to  j  +  k  <  ^0 

J-K    JP  P-K 
"with  no  limit  on  p .  The  matrix  elements  are 

furnished  on  tape. 

K  7  (l88)     Iterative  Estimation  of  Communalities ;  Principal 
Axes  Method  of  Factor  Analysis .  Complete  Program* 
The  program  makes  a  principal  axes  factoring  of 
the  given  matrix,  re-estimates  the  communalities, 
substitutes  the  new  estimates  for  the  old,  and 
prepares  for  another  principal  axes  factoring  <. 
The  largest  matrix  for  which  this  program  can  be 
used  is  of  order  18.  For  such  a  matrix  each 
iteration  takes  about  5  minutes . 

IV.  MACHINE  USE. 

During  July  27  new  problem  specifications  were  presented.  This  list 
does  not  indicate  how  the  Illiac  was  used,  because  large  amounts  of  machine 
time  may  have  been  consumed  by  problems  with  numbers  less  than  617*  Numbers 
followed  by  T  are  for  thesis  problems. 

617  Structural  Research.  Elastic  Arch.  This  is  an  auxiliary  routine  pre- 
pared for  solving  the  equations  of  equilibrium  of  an  elastic  arch.  It  is  used 
in  conjunction  with  two  other  routines  to  find  buckling  loads  and  with  a  third 
routine  to  find  static  deflections . 

618  Chemistry  and  Chemical  Engineering.  Calculation  of  Eigenvalues  of  Mathieu's 
Equation.  This  problem  will  be  solved  by  using  multiple  precision  floating  point 
techniques . 

619  T  Chemistry  and.  Chemical  Engineering.  Calculation  of  Hot  Wire  Anemometer 
Data .  The  calculations  are  concerned  with  reduction  of  data  from  anemometers 
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"being  used  to  measure  velocity  profiles,  turbulence  levels,  and  turbulent  shear 
stress  in  a  spiral  flow  field. 

620  T  Psychology.  Analysis  of  Perception  Tests.  The  problem  is  concerned  with 
giving  subjects  two  kinds  of  tests  and  then  predicting  from  the  tests  of  per- 
ception of  physical  objects  to  tests  of  perceptions  of  persons.  Computations  are 
done  using  Library  Routine  K-2  for  determination  of  product  moment  correlations, 
means,  standard  deviations,  variances,  and  co- variances . 

621  T  Physics.  Change  in  Length  of  Copper,  Silver,  and  Gold,  upon  Irradiation. 
The  problem  is  concerned  with  calibrating  thermocouples  against  a  platinum 
resistor  by  using  an  equation  for  expressing  the  relationship  between  resistors 
and  temperature. 

622  T  Economics.  Statistical  Analysis  of  the  Demand  for  Coffee  in  the  United 
States .  The  analysis  will  be  carried  out  largely  through  the  use  of  Library 
Routines  K~2,  M-6,  and  M-5 » 

623  T  Marketing.  Demand  for  Aluminum.  Through  statistical  analysis,  the 
problem  will  study  separately  the  demand  for  total  aluminum  and  the  demand 

for  aluminum  for  civilian  consumption.  Computations  will  be  carried  out  through 
least  squares  fitting  and  by  using  Library  Routines  K-2  and  K-5  * 

62k         Mechanical  Engineering.  Temperature  Rise  in  Snow-melting  Panels.  This 
analysis  is  concerned  with  the  effects  of  coil  spacing  and  depth  of  coils  and 
insulation  under  the  slab  on  the  rate  of  heating  snow-melting  panels . 

625  Mechanical  Engineering.  Computation  of  a  Weight  Flow  Table.  From  an 
equation  relating  the  mass  rate  flow,  Mach  number  and  other  thermodynamic 
properties j  a  table  will  be  prepared  relating  weight  flow  and  Mach  numbers. 

626  T  Electrical  Engineering.  Calculation  of  Describing  Function.  Library 
Routine  y-h     is  used  to  perform  a  Fourier  analysis  in  connection  with  the  study 
of  quasi-linear  feedback  control  systems . 


627  Digital  Computer,  Numerical  Differentiation.  This  problem  is  in  connection 
with  testing  a  library  routine. 

628  T  Institute  of  Communications  Research.  Use  of  Semantic  Differential  with 
Three  Cultures  in  Native  and  English  Languages .  The  problem  is  to  see  whether 
the  semantic  structure  which  ensues  for  three  language  groups  is  similar. 

629  Dairy  Science.  Metabolism  Study.  A  regression  analysis  will  be  carried 
out . 

630  Structural  Research.  Deflection  of  a  Non-linear  System  with  Variable 
Coefficients .  The  problem  requires  solution  of  a  second  order  differential 
equation  and  uses  a  method  due  to  Newmark. 

631  Bureau  of  Educational  Research.  Inter-item  Correlations  of  California 
F-scale.  Library  Routine  K-2  is  the  basic  program  and  is  used  to  evaluate 
results  obtained  from  a  sample  of  118  education  students . 

632  T  Structural  Research.  Solution  of  Three  Concentric  Spheres  under  External 
Pressure.  The  problem  is  concerned  with  determination  of  strains  in  a  buried 
structure  due  to  loads  superimposed  on  the  surrounding  media . 

633  Physics.  Meson -nucleon  Scattering.  An  iteration  method  is  used  to  solve 
the  equations . 

634  Cosmotron.  Calculation  of  Potential.  The  problem  is  to  find  out  what 
pole  faces  in  an  accelerator  will  produce  a  desired  straight-line  potential 
and  gradient  midway  between  the  magnets « 

635  Institute  of  Communications  Research.  News  Interest  of  Headlines.  A  Q- 
technique  factor  analysis  will  be  made  to  make  a  statistical  study  of  data  obtained 
when  90  persons  were  asked  to  rate  50  headlines  in  order  of  their  interest  value. 
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6^>6         Digital  Computer.  JacoM  Method  for  Drum.  This  is  a  test  of  a  library 
program  which  uses  the  Jacohi  method  for  calculating  eigenvalues  and  eigenvectors 
of  a  symmetric  matrix  and  which  will  make  use  of  the  magnetic  drum. 

637  T  Electrical  Engineering.  Determination  of  Probability  of  Collision  in 
Nitrogen.  The  problem  is  concerned  with  the  solution  of  an  integral  equation. 

638  Home  Economics.  Factors  Affecting  Blood  Cholesterol.  The  Illiac  will 
be  used  to  investigate  the  interrelation  of  dietary  factors  (fat^  protein, 
total  calories)  and  physical  measurements  (blood  pressure,  age)  with  cholesterol. 

639  Digital  Computer.  Modification  of  Library  Routine  J-l.  Library  Routine  J-l 
for  finding  roots  of  polynomials  is  being  modified  so  that  it  will  converge  for 
some  cases  where  it  does  not  now  converge. 

6^0    Physics.  Self -diffusion  of  Gold.  A  least  squares  analysis  on  experimental 
data  is  being  carried  out. 

6kl         Cosmotron.  Test  Problem. 

6k2   T  Psychology.  Estimation  of  Readibility.  The  calculation  of  variances  of 
systematic  samples  of  various  sample  sizes  will  be  used  for  estimating  the  read- 
ibility of  books  as  defined  by  the  Flesch  Readibility  Formula. 

6^3    Physics*  Efficiency  of  Scintillation  Counter.  A  Monte  Carlo  procedure 
will  be  used  to  simulate  paths  of  electrons  which  have  been  produced  by  the 
conversion  of  gamma  rays . 

Table  I  shows  distribution  of  machine  time  for  July. 
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TABLE  I 


Regular  Maintenance  and  Illiac  Engineering 

518^2 

Unscheduled  Maintenance  or  Repair 

20:39 

Drum  Engineering 

H:55 

R.A.R. 

5:2^ 

Leapfrog 

36:07 

Wasted 

1:07 

Use  by  Departments 

Computer  Group 

12:56 

Physics 

33:^ 

Control  Systems  Laboratory 

53:33 

Structural  Research 

18:29 

Structural  Research  (AF  2^99*0 

19:06 

Psychology 

6:56 

Psychology  (ONR  Task  35) 

1:00 

Psychology  (AF  25726A) 

2^:07 

Education 

h:0k 

Electrical  Engineering 

10:59 

Electrical  Engineering  (AF  310 ) 

:17 

Chemistry 

29:07 

Agriculture 

23:36 

Cosmotron 

69:^5 

Economics 

7:55 

Sociology 

3:3^ 

Indiana  University 

1:59 

Miscellaneous 

7:30 

Deminstrations 

1:27 

Total  ^89:58 

V.  ERROR  FREQUENCY  AM)  ANALYSIS. 

The  machine  is  normally  used  for  "engineering"  and  maintenance  be- 
tween 8:00  A.M.  and  12:00  N,  and  for  a  check  of  its  performance  between  6:00 
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and  6% 30   P.M.  of  each  weekday.  Since  the  periods  between  8:00  A.M.  and  noon, 
together  with  certain  irregular  periods  like  Saturdays  and  Sundays,  are  devoted 
to  a  heterogeneous  group  of  functions,  it  is  more  instructive  from  an  error 
analysis  standpoint  to  look  at  the  periods  between  noon  and  8:00  A.M.  of  the 
next  day  in  order  to  make  an  observation  of  the  error  frequency  in  the  machine. 
This  is  the  actual  period  when  the  machine  is  designated  for  use.  With  this  in 
mind,  a  summary  table  has  been  prepared  using  the  period  between  noon  and  8:00  A.M. 
of  the  next  day.  This  table  lists  the  running  time  when  the  machine  was  operating, 
the  amount  of  time  devoted  to  repairs  because  of  breakdowns,  and  the  number  of 
failures  while  the  machine  was  listed  as  running.  During  the  6s 00-6: 30  P.M. 
period  (when  the  machine  is  checked)  if  no  errors  are  found,  the  time  is  given 
to  the  "running  column."  Each  failure  was  considered  to  have  terminated  a 
running  period  and  was  followed  by  a  repair  period  in  preparing  this  table. 
Since  the  leapfrog  code  is  our  most  significant  machine  test,  the  length  of 
time  which  it  has  been  used  on  the  machine  is  listed  separately  together  with 
the  number  of  errors  associated  with  that  particular  code.  This  information 
for  the  month  is  presented  in  Table  II. 

It  is  important  to  notice  that  any  interruption  of  machine  time  that 
was  not  planned  for  is  considered  a  failure  in  this  table.  In  rare  cases  where 
the  failure  is  not  known  until  a  later  time,  it  is  possible  that  no  repair 
period  is  associated  with  the  failure.  This  overall  system  has  been  adopted 
because  it  makes  it  possible  for  a  machine  user  to  estimate  directly  the 
probability  that  the  machine  will  be  "running"  at  any  instant  of  time  and  the 
probability  of  a  failure  during  any  given  interval  of  running  time. 

VI.  COMMWS  ON  THE  ILLIAC  AND  RELATED  FACILITIES . 
Magnetic  Drum  Auxiliary  Memory 

The  ^096  word  temporary  drum  storage  unit  has  continued  to  work  well 
during  this  month.  A  digit-sensing  and  correction  circuit  has  been  added  which 
increases  the  gain  tolerance  ratio  from  about  1«7  to  2.7. 

A  drum  test  code  was  recently  added  to  the  Engineering  Code  Book. 
Programs  for  the  drum  in  the  Engineering  Code  Book  will  be  designated  by  numbers 
prefixed  with  an  "S." 
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VII.  RESEARCH  ON  COMPUTER  COMPONENTS .   (This  work  is  supported  in  part  by  the 
Office  of  Naval  Research  under  Contract  N6ori-0712^. ) 

Direct -coupled  Transistor  Circuits 

An  aging  rack  has  "been  constructed.  This  rack  permits  the  determination 
of  the  four  principal  characteristics  r  ,  r  ,  r  and  a   of  60   transistors  which  are 
held  at  a  fixed  temperature  in  the  100-200°F  range.  It  is  constructed  in  such  a 
way  that  any  one  of  the  transistors  can  he  disconnected  from  the  power  supply  buss 
lines  and  connected  to  a  parameter  tester,  without  pulling  it  from  the  socket .  A 
group  of  10  transistors  of  the  type  TI  201  have  been  on  test  for  one  week  at  130  F, 
the  emitter  current  being  lma  and  the  collector  voltage  lOv.  A  very  considerable 
drop  in  a   occurred  during  the  first  day.  Instead  of  being  in  the  0.95  region, 
the  average  a  went  down  to  O.87. 

A  series  of  experiments  were  conducted  on  GE  2N^3  transistors  to  see 
if  they  could  be  run  with  twice  the  normal  collector  voltagej  i.e.  90v.  It 
turned  out  that  about  50$  of  the  units  satisfied  a  certain  selection  criterion 
(i   -  increase  a  linear  function  of  v  )  and  then  operated  without  any  failure 
in  a  saturating  pulse  amplifier  having  90v   collector  swing.  This  property  will 
be  extremely  useful  to  make  the  neon  bulb  readout  in  transistor  circuits  as  safe 
as  it  is  in  tube  circuits . 

An  extensive  program  has  been  started  to  determine  the  ol  cutoff 
frequency  and.  the  carrier  delay  in  transistors  as  a  function  of  injection  level 
and  collector  voltage.  In  order  to  make  the  determination  of  delay  times  more 
accurate  than  heretofore,  decade  delay  lines  have  been  built.  The  signal  coming 
out  of  the  transistor  is  then  compensated  by  a  delayed  signal  and  fed  into  a 
scope.  A  wide-band  scope  amplifier  using  EFP60  tubes  has  been  constructed. 

Tests  were  made  to  see  which  type  of  gate  using  only  one  gating 
voltage  (instead  of  two  out  of  phase  voltages  as  the  standard  circuit)  would 
be  acceptable  for  control  purposes.  The  gate  in  the  adjoining  figure  proved 
very  satisfactory.  The  time  to  open  the  gate  is  of  the  order  of  0.4us  while 
the  delay  time  between  IN  and  OUT  is  less  than  0.2u.s.  The  attenuation  between 
IN  and  OUT  is  of  the  order  of  O.lv,  the  signal  levels  being  +2v  as  usual. 
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Gate  with  One  Control  Voltage 


VIII.  CONSTRUCTION. 

The  sain  work  of  the  shop  was  on  the  final  drum  unit .  The  main 
frame  has  been  completed  and  many  of  the  parts  for  the  cover  frame  have 
been  completed  and  attached  to  the  main  frame.  The  mounts  for  the  drum  and 
additional  pulser  mounts  were  made  and  installed.  The  door  hinge  strips  have 
been  made. 

All  of  the  preamplifier  chassis  not  in  use  have  been  altered,  to 
provide  revised  terminal  wiring  and  a  change  from  6BQ7  to  2C51  tubes .  The 
flat  circuit  panels  for  power  and.  similar  wiring  have  been  cut  and  are  ready 
for  wiring.  Experimental  digit  sensing  and  correction  circuits  were  made 
for  the  drum  test  unit. 

IX.  REPORTS  AND  SEMINARS. 

Seminars 

"Preliminary  Investigations  on  Transistorized  Circuits 
for  Driving  Magnetic  Core  Memories ,n   by  H.  N.  Yu, 
July  13,  1955- 

"Digital  Techniques  Applied  to  the  Determination  of 
Crystal  Structures  from  X-ray  Data,"  by  Professor 
A.  S.  Douglas,  July  6,   1955 , 
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Seminars  (Cont . ) 

"Learning  Routines,"  "by  J.  M.  Wier,  July  27,  1955- 


X.  PERSONNEL. 

The  personnel  associated  with  the  group  and  hence  the  contributors  to 
this  report  ares 

Allen,  Guy,  Computer  Operator  I 

Breed,  Charles  P.,  Draftsman 

Carter,  Clifford  E.,  Electronics  Engineer  for  Illiac 

Chow,  Yuan  S«,  Research  Assistant 

Clark*  Miss  Helen  B*,  Secretary 

Clements,  Virgil  F.,  Jr.  Laboratory  Mechanic 

DeWit,  Roland,  Research  Assistant 

Douglas,  A.  S.,  Visiting  Asst.  Prof,  of  Mathematics 

Farrington,  Carl  C*,  Research  Assistant 

Fetzner,  Mrs-  Muriel  P.,  Computer  Teletype  Operator  (term.  July  31 ) 

Fishel,  Jerome  H«,  Research  Assistant 

Frank,  Werner  L.,  Research  Assistant 

Gregory,  Robert  T.,  Research  Associate 

Holm,  Walter  H.,  Jr.  Electronics  Technician 

Huffman,  Wm«,  L»,  Computer  Operator  II 

Kerkering,  Thomas  E.,  Sr.  Laboratory  Mechanic 

Lopeman,  Harold  E.,  Electronics  Engineer  for  Illiac 

McGinnis,  Gerald  A.,  Sr.  Electronics  Technician  for  Illiac 

Meagher,  R.  E.,  Chief  Engineer 

Michael,  George  W.,  Administrative  Assistant 

Miller,  Raymond  E.,  l/2  time  Research  Assistant 

Muller,  David  E.,  Res.  Asst.  Prof,  of  Applied  Math. 

Nash,  J.  P.,  Res.  Prof,  of  Applied  Math. 

Newmark,  H»  M.,  Chairman,  Executive  Committee 

Pelg,  Edmund,  Jr.  Electronics  Technician 

Polivka,  Raymond  P.,  Research  Assistant 

Poppelbaum,  W.  J.,  Research  Associate 

Robertson,  James  E.,  Res.  Asst.  Prof*  of  Elec «  Eng. 

Russell,  Miss  Ramona  J.,  Computer  Operator  I 

Schneberger,  Edward  J«,  Research  Assistant 

Seshu,  Mrs.  Lily  H.,  1/3  time  Research  Assistant 

Stephens,  Allen,  Jr.  Laboratory  Mechanic 

Suzuki,  Michio,  Research  Associate 

Taub,  A.  H.,  Res.  Prof,  of  Applied  Mathematics 

Wenta,  Joseph,  Sr.  Electronics  Technician 

Wier,  Joseph  M.,  Research  Associate 

Yii,  Roland  H.C.,  l/2  time  Research  Assistant  (term.  July  15) 

Yu,  Hwa-Nien,  l/2  time  Research  Assistant 
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Student  Assistants 

Ciccanti,  Anthony  (Term.  July  9) 

Davenport ,  Mrs.  Margery 

Ephgrave,  James  T . 

Geis,  John  P.  (Started  July  11 ) 

Hill,  Robert  S. 

Kirwan,  John  F.  (Started  July  12) 

Ogata,  Albert  I. 

The  work  of  the  group  is  under  the  administration  of  an  Executive 
Committee  "with  the  following  members;   N.  M.  Newmark,  Chairman,  D.  E.  Muller, 
J.  E.  Robertson,  A.  S.  Douglas,  J.  P.  Hash,  A.  H.  Taub,  and  R.  E.  Meagher. 


R.  E.  Meaghe: 


REM/hc 
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UNIVERSITY  OF  ILLINOIS 

GRADUATE  COLLEGE 

DIGITAL  COMPUTER  LABORATORY 


TECHNICAL  PROGRESS  REPORT 

Teaching  and  graduate  research  are 
not,  in  general,  reported  herein. 


August  1  -  August  31,  1955 


I.  MATHEMATICAL  RESEARCH  AMD  PROGRAMMING.   (This  work  is  supported  in  part  by 
the  Office  of  Naval  Research  under  Contract  N6ori-O7130. ) 

Boolean  Algebra 

Calculations  have  been  made  which  indicate  the  inefficiency  of  encoding 

information.   If  a  word  i  has  probability  p.  and  n.  digits  are  used  for  its  code, 

then  ideally  n.  =  -  log-  p.  where  R  is  the  base  of  the  digit  system.   Since  n. 
1        ft  1  i 

must  be  an  integer,  some  inefficiency  may  be  expected.  An  exact  calculation  is 

very  difficult,  but  after  some  simplifying  assumptions  one  obtains  for  the  loss 

in  digits  per  word  encoded 

log  logeR  -  loge(R  -  1)  -  1 
L  =  ; = + 


log  R  R  -  1 

e 

If  we  use  the  binary  system  (R  =  2)  this  loss  is  surprisingly  small,  only  0.026 
digits  per  word  on  the  average.  When  R  =  3?  L  =  0.05- 

A  method  has  also  been  devised  which  involves  no  loss  due  to  digital 
coding.  However  the  method  requires  an  amount  of  calculation  for  encoding  and 
decoding  which  is  proportional  to  the  square  of  the  length  of  the  message  (the 
previous  one  is  linear)  and  is  therefore  probably  impractical  even  with  a 
computer. 

Numerical  Quadrature 

A  program  for  evaluating  definite  integrals  by  Gauss'  method  has  been 
prepared. 

Linear  Algebraic  Equations 

Investigation  of  indirect  methods  for  solving  systems  of  linear 
algebraic  equations  is  being  continued.  The  Gauss-Seidel  method  is  being 
programmed,  and  a  method  of  Kaczmarz  will  be  programmed. 

II.  ANALYTICAL  PROGRAM.   (This  work  is  supported  in  part  by  National  Science 
Foundation  Grant  G-1221) 

During  August,  work  on  this  program  consisted  of  preparing  written 
reports  giving  results  obtained  to  date. 

III.  LIBRARY  ROUTINES. 

The  following  program,  prepared  by  Dr .  George  C .  Stone  of  the  Bureau 
of  Educational  Research  has  been  added  to  the  auxiliary  library: 
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K-k    (171) 


Analysis  and  Intercorrelation  of  Scores  Based 
on  Paired  Comparisons .   Complete  Program. 
The  program  may  be  used  whenever  N  groups  of 
raters  have  chosen  between  each  of  the  e(e-l)/2 
pairs  of  statements  or  objects  formed  by  all 
possible  pairings  of  e  elements.   The  program 
will  handle  up  to  16  elements,  the  number  of 
groups  which  may  be  scored  being  in  this  case 
530. 


III.  MACHINE  USE. 

During  August  specifications  were  presented  for  20  new  problems.   This 
list  does  not  indicate  how  the  Illiac  was  used  because  large  amounts  of  machine 
time  may  have  been  consumed  by  problems  with  numbers  less  than  6kk.      Numbers 
followed  by  T  are  for  theses. 

6kh   T  Structural  Research.  Deflection  of  a  Hon- linear  System  with  Variable 
Coefficients.   The  program  is  concerned  with  the  solution  of  a  second-order 
differential  equation. 

6^5    Structural  Research.  The  problem  is  the  same  as  6kk   except  for  different 
boundary  conditions . 

6k6   T  Structural  Research.   Three-Degrees-of-Freedom  System  with  Complex 
Coupling.   The  program  integrates  three  simultaneous  differential  equations 
using  Newmark's  method. 

5^7    Physics.  Miscellaneous  Small  Physics  Problems.   This  problem  specification 
covers  small  problems  of  two  or  three  minutes  duration  for  the  Physics  Department. 

6^8    Chemistry.  Practice  Problems.  Work  done  under  this  problem  specification 
will  consist  of  practice  problems  leading  eventually  to  the  programming  of  a 
random  walk  problem. 
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6^9    Animal  Genetics.   Statistical  Evaluation  of  Experiments  with  Swine. 
This  program  uses  Library  Routine  M-13  to  invert  matrices  in  the  calculation 
of  partial  correlations  from  data  obtained  in  experiments  with  swine. 

650  T  Structural  Research.   Iterative  Solution  of  Simultaneous  Equations. 

The  problem  is  concerned  with  solutions  of  large  sets  of  simultaneous  equations 
in  which  the  coefficients  are  found  from  some  simple  operations  and  in  which 
most  of  the  coefficients  are  zero. 

651  Accountancy.  Industrial  Budget.  This  is  a  problem  in  linear  programming 
in  which,  given  maximum  amounts  of  labor,  capital,  materials  and  plant  capacity, 
it  is  desired  to  select  the  use  of  these  resources  to  maximize  profits. 

652  Institute  of  Communications  Research.   Q- Techniques  Methodology.   Q- 
technique  is  a  method  used  by  psychologists  to  isolate  subgroups  in  a  collection 
of  people  on  the  basis  of  their  responses  on  a  test  battery.  A  small  problem 
will  be  analyzed  using  factor  analysis  programs  from  the  library  to  enable  the 
comparison  of  various  methods  which  have  been  suggested  for  Q-technique  analysis. 

653  Computer.  Drum  Equations  Test.   This  is  a  test  of  the  solution  of  96 
simultaneous  equations  using  the  elimination  method. 

65k         Mining  and  Metallurgical  Engineering.  Diffusion  in  Metals. 

655  Mechanical  Engineering.  A  Study  of  Axially  Symmetric  Supersonic  Jet 
Boundaries.  The  problem  requires  the  evaluation  of  definite  integrals  arising 
from  approximations  to  jet  boundaries . 

656  Computer.   Quadrature  by  Gauss'  Method.   This  problem  will  be  programmed 
for  the  library. 

657  Psychology.  Senate  Voting  Blocks.  Similarity  analyses  will  be  used  to 
group  senators  of  previous  Congresses  into  voting  blocks  on  the  basis  of  their 
votes . 


-3- 


658  Agricultural  Economics.  Crop  Yield  Variability.  Multiple  regression 
techniques  will  be  used  to  find  crop  yield  correlations  for  each  of  the  five 
principal  crops  grown  in  Illinois  over  the  period  1927-195^°  Data  from  each 
county  will  be  used. 

659  Mathematics.   Types  of  Magazine  Audiences.   Data  on  pairwise  overlap 
of  the  audiences  of  50  magazines  will  be  analyzed  by  centroid  factor  analysis 
and  similarity  analysis. 

660  UCLA.   Inversion  of  Hilbert  Matrices.   The  library  matrix  inversion 
routine,  M-13  will  be  used  to  invert  Hilbert  matrices  of  orders  5  through  9° 

661  T  Physics.  Meson  Production  by  Electrons.   This  problem  is  devoted  to 
the  calculation  of  3  integrals  which  are  functions  of  several  parameters. 

662  T  Structural  Research.  Preparation  of  Parameter  Tapes.   This  is  a  special 
program  for  preparing  coefficient  tapes  for  Library  Routine  L-2.   It  is  desired 
to  solve  several  sets  of  simultaneous  equations,  one  after  the  other  in  which 
the  coefficients  of  one  set  differ  from  those  of  another  by  one  or  two  numbers. 
This  program  greatly  reduces  the  time  for  carrying  out  the  computations . 

563    Theoretical  and  Applied  Mechanics.  Post-Buckling  Behavior  of  Elastic 
Cylindrical  Shells  Subjected  to  External  Pressure.   The  mathematical  problem 
here  is  the  problem  of  minimizing  fourth  degree  polynomials  in  seven  variables. 
Library  Routine  H-6  will  be  used. 

Table  I  shows  distribution  of  machine  time  for  August. 

TABLE  I 

Regular  Maintenance  and  Illiac  Engineering  ^5"«13 

Unscheduled  Maintenance  or  Repair  12:01 

Drum  Engineering  30:46 

R.A.R.  7:17 

Leapfrog  51:53 

Wasted  :^7 
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TABLE  I  (Cont.) 
Use  by  Departments 


Computer  Group 

Physics 

Control  Systems  Laboratory 

Structural  Research 

Struct.  Res.  (AF  2^99*0 

Struct.  Res.  (AF  170  TEAPOT) 

Psychology 

Psychology  (AF  25726A) 

Education 

Electrical  Engineering 

Electrical  Eng.  (AF  310) 

Chemistry 

Agriculture 

Cosmotron 

Economics 

Sociology 

UCLA 

Miscellaneous 

Demonstrations 


Total 


19:21 
^0:31 
83:09 
37:^5 
1:52 
:56 
21:36 
17:02 

10  tkh 

6:05 

21: 06 

16:28 

108:19 

2:k6 

:39 
It  ^2 
9:^9 

:10 

55^:39 


IV.  ERROR  FREQUENCY  AM)  ANALYSIS . 

The  machine  is  normally  used  for  "engineering"  and  maintenance  be- 
tween 8:00  A.M,  and  12:00  N,  and  for  a  check  of  its  performance  between  6:00 
and  6:30  P.M.  of  each  weekday.   Since  the  periods  between  8:00  A.M.  and  noon, 
together  with  certain  irregular  periods  like  Saturdays  and  Sundays,  are  devoted 
to  a  heterogeneous  group  of  functions,  it  is  more  instructive  from  an  error 
analysis  standpoint  to  look  at  the  periods  between  noon  and  8:00  A.M.  of  the 
next  day  in  order  to  make  an  observation  of  the  error  frequency  in  the  machine. 


-5- 


This  is  the  actual  period  when  the  machine  is  designated  for  use.   With  this 
in  mind,  a  summary  table  has  "been  prepared  using  the  period  "between  noon  and 
8:00  A.M.  of  the  next  day.   This  table  lists  the  running  time  when  the  machine 
was  operating,  the  amount  of  time  devoted  to  repairs  because  of  breakdowns, 
and  the  number  of  failures  while  the  machine  was  listed  as  running.   During 
the  6:00-6:30  P.M.  period  (when  the  machine  is  checked)  if  no  errors  are  found, 
the  time  is  given  to  the  "running  column."  Each  failure  was  considered  to  have 
terminated  a  running  period  and  was  followed  by  a  repair  period  in  preparing 
this  table.   Since  the  leapfrog  code  is  our  most  significant  machine  test,  the 
length  of  time  which  it  has  been  used  on  the  machine  is  listed  separately 
together  with  the  number  of  errors  associated  with  that  particular  code.   This 
information  for  the  month  is  presented  in  Table  II. 

It  is  important  to  notice  that  any  interruption  of  machine  time  that 
was  not  planned  for  is  considered  a  failure  in  this  table.   In  rare  cases  where 
the  failure  is  not  known  until  a  later  time,  it  is  possible  that  no  repair 
period  is  associated  with  the  failure.   This  overall  system  has  been  adopted 
because  it  makes  it  possible  for  a  machine  user  to  estimate  directly  the 
probability  that  the  machine  will  be  "running"  at  any  instant  of  time  and  the 
probability  of  a  failure  during  any  given  interval  of  running  time. 

V.,   COMMENTS  ON  THE  ILLIAC  AND  RELATED  FACILITIES, 

Magnetic  Drum  Auxiliary  Memory 

During  the  month  of  August,  nine  errors  were  attributed  to  the  drum 
storage  unit,  excluding  those  induced  during  maintenance  periods .  With  one 
exception,  these  errors  were  traced  to  faulty  vacuum  tubes .   The  exception 
occurred  before  the  head-to-drum  spacing  had  stabilized  during  warmup.   Tube 
replacements  during  the  month  were  as  follows : 


6BQ7 

23 

6au6 

3 

6136 

3 

5687 

2 

6AL5 

2 

815 

2 

596k 

1 

6j6 

1 
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VI.  RESEARCH  ON  COMPUTER  COMPONENTS .   (This  work  is  supported  in  part  by  the 
Office  of  Naval  Research  under  Contract  N6ori-07124„ ) 

Direct-Coupled  Transistor  Circuits 

The  study  of  the  delay  time  in  transistors  of  the  type  GE  2N^3  as  a 

function  of  current  density  and  collector  voltage  has  been  terminated.   By 

using  a  setup  including  a  600  ohm  decade  delay  line  with  0.01u.s /section,  a 

fairly  exact  picture  was  obtained.   The  adjoining  graph  gives  (i  )  for  collector 

e 

voltages  v  of  -30V  and  -5V  respectively:   there  seems  to  be  negligible  space- 
charge  narrowing  of  the  base  with  increasing  v  ,  at  least  in  the  type  of 
transistor  studied.   The  beneficial  influence  of  staying  away  from  cut-off  is 
however  clearly  visible. 
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Delay  Time  as  a  Function  of  Emitter  Current  and  Collector  Voltage 


■►  AVERAGE 


In  the  field  of  circuitry  a  new  type  of  symmetric  flipflop  was  designed 
which  seems  to  have  a  great  number  of  interesting  properties: 

1.  Symmetric  input  and  output 

2.  Good  input /output  impedance  ratio  (8:1) 

3-   Very  high  tolerance:   50$  on  resistors:  more 

on  the  supply  voltage 
k.     Uses  transistors  of  one  kind  only 

5.  Intrinsically  fast  (0.2|_is  to  last  moving  point 
using  junction  transistors  of  a.   cut-off  2mc) 

6.  Possibility  of  very  simple  gating 
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Emitter-Base  Coupling  Flipflop   ~Vo 
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The  flipflop  (see  figure)  is  essentially  the  combination  of  two  emitter- 
follower-GB  amplifier  circuits  of  the  "3  resistor  type"  (see  technical  progress 
report  April  1955)  with  a  novel  cross- coupling  between  the  emitters  and  bases 
of  the  GB-stages.  As  can  easily  be  seen,  the  two  center  transistors  cannot  be 
on  at  the  same  time,  because  the  sum  of  all  voltage  drops  in  the  emitter-base 
loop  must  be  zero.   It  will  be  noted  that  the  center  transistors  are  no  longer 
rigorously  in  a  GB-connection,  since  the  two  base  leads  differ  in  potential  by 
the  emitter  drop,  i.e.  50mv. 

It  should  be  noticed  that  the  transistors  are  driven  into  the  cut-off 
region  which,  as  stated  above,  causes  additional  delay.   The  other  advantages 
of  this  type  of  flipflop  are  so  great,  that  one  might  be  willing  to  live  with 
this  additional  delay. 

For  the  transfer  between  registers  (not  involving  logical  circuitry)  a 
very  simple  gate  of  the  Illiac  type  can  be  used.   This  gate  (see  figure)  uses 
the  swing  available  at  the  emitter  of  the  center  transistors:   this  swing  is 
low  but  the  impedance  level  is  very  low  too.. 
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Gate  for  the  Emitter-Base  Coupling  Flipflop 

An  analysis  for  tolerance  and  stability  of  the  new  circuits  is  being 
worked  out. 
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VII.   CONSTRUCTION. 

Except  for  the  repair  and  improving  of  six  of  the  readers,  all  the 
work  in  the  shops  was  on  the  final  and  test  drum  units. 

All  the  cover  panels  were  fitted  and  installed  except  for  the  two 
main  panels  on  the  ends  and  all  the  filament  panels.   The  filament  panels 
will  have  to  be  fitted  after  the  unit  is  mounted  on  the  wooden  base  in  the 
Computer  Room. 

The  following  chassis  work  was  completed  or  started:   The  matrix 
amplifier  B,  Dwg.  65O,  was  remodeled.  Matrix  amplifier  A  was  started.  New 
chassis  for  Dwgs.  652  and  kj2   were  made  and  assembled.  The  sensing  and 
correcting  circuit,  Dwg.  652,  has  been  partially  wired  but  not  completed. 
The  register  inverter  chassis,  Dwg.  53^>  an<3.  the  primary  matrix  chassis, 
Dwg.  h'Jlf   were  completed.   The  wiring  of  the  gating  control  chassis,  Dwg.  h'jQ, 
was  started.   The  dc  filter  panel,  Dwg.  587G,  was  completed  and  wired. 

VIII.  REPORTS  AND  SEMINARS. 

Seminars 

"A  Drum  Digit  Sensing  and  Correction  Scheme,"  by  Raymond  E. 
Miller,  August  3,  1955- 

Reports 

Internal  Report  No.  6k,    "Fundamentals  of  Junction  Transistor 
Physics,"  by  W.  J.  Poppelbaum,  August  30*  1955- 

Internal  Report  No.  65,  "Some  Direct-Coupled  Computer  Circuits 
Utilizing  NPN  and  PNP  Transistors  in  Combination,"  by  J.  M. 
Wier,  August  31,  1955 » 


IX.   PERSONNEL. 

The  personnel  associated  with  the  group  and  hence  the  contributors 

to  this  report  are : 

Allen,  Guy,  Computer  Operator  I  (Term.  8/19/55 ) 
Breed,  Charles  P.,  Draftsman  (Term.  8/11/55) 
Carter,  Clifford  E„,  Electronics  Engineer  for  Illiac 
Chow,  Yuan  S.,  Research  Assistant  (Term.  8/15/55 ) 
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Clark,  Miss  Helen  Bo,  Secretary- 
Clements,  Virgil  F„,  Jr.  Laboratory  Mechanic 
DeWit,  Roland,  Research  Assistant 

Douglas,  A.  S.,  Visiting  Asst.  Prof,  of  Math.  (Term.  8/31/55) 
Ehmen,  Mrs  0  M.  Gwendolyn,  Computer  Teletype  Operator  (Started  8/30/55) 
Farrington,  Carl  C,  Research  Assistant 
Fishel,  Jerome  H.,  Research  Assistant 
Frank,  Werner  L„,  Research  Assistant  (Term.  8/31/515) 
Gregory,  Robert  T.,  Research  Associate  (Term.  8/31/55) 
Holm,  Walter  H.,  Jr.  Electronics  Technician 
Huffman,  Wm«  L.,  Computer  Operator  II 
Kerkering,  Thomas  E„,  Sr.  Laboratory  Mechanic 
Lopeman,  Harold  E.,  Electronics  Engineer  for  Illiac 
Marlowe, Arnold  L.,  Computer  Operator  (Started  8/15/55) 
McGinnis,  Gerald  A.,  Sr.  Electronics  Technician  for  Illiac 
Meagher,  R.  E.,  Chief  Engineer 
Michael,  George  W.,  Adminisrative  Assistant 
Miller,  Raymond  E.,  l/2  time  Research  Assistant 
Morrill,  Ronald  P.,  Draftsman  (Started  8/1/55) 
Muller,  David  E.,  Res.  Asst.  Prof,  of  Applied  Math. 
Hash,  J.  P.,  Res.  Prof,  of  Applied  Math. 
Newmark,  M,  M.,  Chairman,  Executive  Committee 
Pelg,  Edmund,  Jr.  Electronics  Technician 
Polivka,  Raymond  P.,  Research  Assistant  (Term.  8/23/55) 
Poppelbaum,  W.  J.,  Research  Associate 
Robertson,  James  E.,  Res.  Asst.  Prof,  of  Elec.  Eng. 
Russell,  Miss  Ramona  J.,  Computer  Operator  I 
Sehneberger,  Edward  J.,  Research  Assistant 
Seshu,  Mrs,  Lily  H.,  1/3  time  Research  Assistant 
Stephens,  Allen,  Jr.  Laboratory  Mechanic 
Suzuki,  Michio,  Research  Associate  (Term.  8/15/55) 
Taub,  A.  H»,  Res.  Prof,  of  Applied  Mathematics 
Wenta,  Joseph,  Sr.  Electronics  Technician 
Wier,  Joseph  M.,  Research  Associate 
Yu,  Hwa-Nien,  l/2  time  Research  Assitant 

Student  Assistants 

Davenport,  Mrs.  Margery  (Term.  8/10/55) 

Ephgrave,  James  T.  (Term.  8/23/55) 

Geis,  John  P. 

Goodman,  Robert  (Started  8/30/55) 

Hill,  Robert  S. 

Kirwan,  John  F. 

Ogata,  Albert  I. 

The  work  of  the  group  is  under  the  administration  of  an  Executive 
Committee  with  the  following  members:  1\L  M.  Newmark,  Chairman,  D.  E.  Muller, 
W.  J.  Poppelbaum,  J.  E.  Robertson,  A.  S.  Douglas,  J.  P.  Nash,  A.  H.  Taub,  and 
R.  E.  Meagher. 
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R.  E.  Meagher 


UNIVERSITY  OF  ILLINOIS 
GRADUATE  COLLEGE 
DIGITAL  COMPUTER  LABORATORY 


TECHNICAL  PROGRESS  REPORT 

Teaching  and  graduate  research  are 
not,  in  general,  reported  herein. 


September  1  -  September  30>  1955 


I.   MATHEMATICAL  RESEARCH  AND  PROGRAMMING.   (This  work  is  supported  in  part  by 
the  Office  of  Naval  Research  under  Contract  N6ori-O7130. ) 

Boolean  Algebra  and  Switching  Circuits 

The  study  of  asynchronous  circuits  has  revealed  a  need  for 
more  careful  definitions  of  certain  basic  quantities  and  has  led  to  results 
showing  the  existence  of  a  speed- independent  asynchronous  circuit  exhibiting 
the  same  behavior  as  that  of  a  synchronous  circuit. 

An  experimental  approach  toward  finding  transformations  carrying 
one  sequential  circuit  into  another  is  being  made  by  studying  a  series  of 
examples . 

Statistics  Programs 

A  new  multiple  regression  routine  is  being  prepared  for  data 
analysis.   This  routine  takes  the  observed  data  and  prints  an  almost  complete 
analysis . 

Simultaneous  Equations 

The  program  for  solving  simultaneous  linear  algebraic  equations 
by  the  Gauss-Seidel  method  is  being  made  into  a  self-contained  program. 

Compiling  Routines 

With  substantial  magnetic  drum  storage  space  soon  to  be  avail- 
able, a  study  of  compiling  routines  which  would  be  useful  in  Illiac  operation 
is  being  made. 

Floating  Address  Program 

This  program  will  form  the  basis  for  any  compiling  routines 
prepared.   It  is  now  in  the  last  stages  of  preparation,  most  of  it  having 
already  been  checked  in  parts. 

II.   ANALYTICAL  PROGRAM.   (This  work  is  supported  in  part  by  National  Science 
Foundation  Grant  G-1221. ) 

Work  is  in  progress  on  the  writing  of  a  code  for  the  integration 
of  the  equations  determining  the  flow  behind  a  shock,  given  the  shock  curve  and 
the  flow  incident  upon  it.   The  scaling  involved  has  been  studied  in  detail. 
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Various  difference  equations  to  replace  the  differential  equations  are  being 
considered.  An  investigation  is  being  made  as  to  the  feasibility  of  solving 
the  same  differential  equations  by  use  of  the  computer  with  different  initial 
conditions,  namely  a  streak  line  behind  the  shock  is  prescribed. 

III.   PROGRAM  LIBRARY. 

In  the  past  month  the  following  five  programs  were  added  to  the  active 
library: 

E-k    (193)         Numerical  Differentiation  with  Interpolation. 

103  words .   This  closed  routine  uses  Neville's 
interpolation  formula  and  its  derivatives  to 
find  (h^/rl)  f^(x)  for  given  x. 

E-5  (195)  Quadrature  by  Gauss'  Method.   18  +  2n  words . 

This  is  a  closed  routine  which  uses  the  method 

of  Gauss  to  evaluate 
n  rl 


J^  a.f(u.)  ~  /  f(u)  du. 


The  values  f(u.)  must  be  provided  with  an 
auxiliary  routine  written  by  the  user.   The 
library  copy  has  at  the  end  of  the  tape 
sections  containing  values  of  u.  and  a.  for 
each  value  of  from  2  to  16.   The  choice  of 
n  is  made  by  copying  the  appropriate  section, 

P-12  (19^)         Single  Column  Print  (Revised).   13  words. 

This  revision  of  an  old  library  routine  pro- 
vides a  delay  after  carriage  return  so  that 
a  uniform  left  margin  will  always  be  assured, 
The  number  of  words  remains  the  same. 
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K-8  (189) 


Product  Moment  Correlations,  Variance-Covariances , 
Means  and  Standard  Deviations  for  Use  with  Magnetic 
Drum.   Entire  Program.   The  title  describes  this 
program,  which  is  similar  to  K-2.   Four  parameters 
are  used  to  specify  the  number  of  decimals  for 
printing  the  correlation  matrix,  the  variance  matrix, 
the  means  and  standard  deviations  and  for  the  sample 
size.   Assuming  a  use  of  D  magnetic  drum  locations, 
the  maximum  number  n  of  variables  permitted  must 
satisfy  the  inequality 

n(n  +  7)/2  <  D  +  75^. 


r-i  (199) 


Transfer  Blocks  of  Words  from  Memory  to  Drum  or  from 
Drum  to  Memory .   40  words.   This  is  a  closed  routine 
with  3  program  parameters  n,  q  and  r  which  specify 
the  transfer  of  a  block  of  r  words  beginning  at 
Williams  memory  location  n  and  magnetic  drum  location 
q.   The  method  of  entry  to  Y-l  determines  whether  the 
transfer  is  to  or  from  the  drum.   On  transfer  to  the 
drum  a  sum-check  constant  is  placed  in  location  q  +  r; 
agreement  with  this  constant  is  required  on  playback 
when  a  new  sum  is  computed.  Record  time  is  10  +  1.8r 
milliseconds  while  playback  time  is  10  +  1.3r  milli- 
seconds . 


The  following  three  programs  were  added  to  the  auxiliary  library,  K-7  and 
M-l6  being  programmed  by  Mr.  R.  J.  Twery  of  the  Department  of  Psychology. 


K-7  (188) 


Iterative  Estimation  of  Communalities :  Principal  Axis 
Method  of  Factor  Analysis .  Complete  Program.   The 
program  makes  a  principal  axis  factoring  of  the  given 
matrix,  substitutes  the  new  estimates  for  the  old,  and 
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K-7  (l88)  Cont.     prepares  for  another  principal  axis  factoring.   The 

latent  roots  and  new  communality  estimates  are 
punched  during  each  iteration.   The  largest  matrix 
for  which  this  routine  can  be  used  is  of  order  18; 
the  time  in  this  case  is  5  minutes  per  iteration. 

N-9  (196)  Matrix  Modifying  Input .   V3  words  +  26  words  of  N-2. 

This  routine  is  a  closed  one  designed  to  store  a 
matrix  by  marking  zero  elements  and  thus  increase 
storage  capacity.   The  size  of  matrix  which  can  be 
stored  depends  upon  the  number  M  of  non-zero  elements, 
being  N+l,  but  the  matrix  may  not  have  more  than  511 
columns.  Non-zero  elements  are  stored  to  a  precision 
of  30  binary  places . 

M-l6  (187)         Matrix  Multiplication  when  the  Common  Dimension  i_s 

Large .  Complete  Program .   This  program  forms  the 

matrix  product  C  „  =  A .  B  .  for  j  +  k  <  40  but  with 
jk    jp  pk         - 

no  limit  on  p. 

Programs  X-9  and  X-10  have  been  placed  in  the  auxiliary  library,  and 
programs  A-2,  N-7  and  RA-2  are  now  obsolete. 

IV.  MACHINE  USE. 

During  September  specifications  were  presented  for  17  new  problems. 
This  list  does  not  indicate  how  the  Illiac  was  used  because  large  amounts  of 
machine  time  may  have  been  consumed  by  problems  with  numbers  less  than  66ho 
Numbers  followed  by  T  are  for  theses. 

66k         Physics.  Evaluation  of  Diffusion  Data.   This  program  calculates  diffu- 
sion coefficient,  vibration  factor  and  activation  energy,  given  intensity  of 
radio  activity  and  position  and  several  radio  activity  constants. 
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665  T  Agricultural  Economics.   Cora  Drying  Costs.  A  multiple  regression 
program  will  be  used  to  estimate  the  functional  relationships  between  total 
variable  costs  and  costs  of  corn  drying  with  different  amounts  of  moisture 
removed. 

666  Agricultural  Economics.  Farm  Machinery  Selection.   This  program  is 
being  used  in  a  study  of  competition  for  capital  between  livestock  enter- 
prises and  crop  machinery.   It  is  a  linear  programming  problem  where  income 
is  maximized  over  a  five-year  period. 

667  Agricultural  Economics.   Local  Road  Costs  Estimation.  Multiple 
regression  methods  are  used  on  data  from  1500  Illinois  townships  to  study 
maintenance  and  construction  costs  of  local  road  systems. 

668  Physics.   Impurities  In  Semi-conductors.   This  program  is  used  to 
tabulate  an  integral  which  is  necessary  in  the  calculation  of  ionized  impurity 
scattering  for  semi-conductors. 

669  Physics.  Energy  Band  Structure  of  Metals.  Two  functions  needed  in 
the  calculation  of  irregular  solutions  to  the  Coulomb  radial  differential 
equation  are  tabulated. 

670  Structural  Research.  General  Force-Displacement  for  One  Equation. 
This  program  computes  the  resistance  and  permanent  set  of  a  single-degree- 
of- freedom  system  when  the  deflection  is  given. 

671  Structural  Research.   Overturning  of  a  One-story  Structure.   This  problem 
solves  the  differential  equation  of  motion  which  describes  the  overturning  of 

a  one-story  structure  subjected  to  a  blast  wave. 

672  Physics.   Impurity  Scattering  of  Semi-conductors.   The  program  is  designed 
to  provide  nodes  and  extrema  of  wave  functions  obtained  by  integration  of  radial 
wave  equation  for  positive  energies  by  the  Neumerov  method. 
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673    Chemistry.  Restricted  Random  Walk.   By  approximating  the  potential  of 
interaction  with  a  step  function,  the  restricted  random  walk  is  applied  to 
charged  macromolecules . 

6"jh         Agricultural  Experiment  Station.   Nutrition  experiments  with  swine  have 
led  to  results  in  which  there  are  missing  data  and  data  with  unequal  statistical 
weights.  Matrix  inversion  techniques  are  "being  used  to  analyze  the  data. 

675  Horticulture.  Relationship  of  Popping  Expansion  to  Ear  Factors  in 
Illinois  Popcorn.  Data  collected  over  the  past  15  years  on  samples  of  Illinois 
popcorn  will  he  analyzed  with  respect  to  variables  such  as  ear  length,  weight 
of  shelled  corn,  etc. 

676  Electrical  Engineering.  Roots  of  a  Polynomial.  Library  Routine  J-l  is 
used  to  find  the  roots  of  a  polynomial. 

677  T  Psychology.   Derivation  of  a  Measure  of  Conflict.   The  mathematical  method 
in  this  problem  involves  computing  produce  moment  correlations  and  test  data 
obtained  from  30  individuals  in  some  20  sessions  and  computing  centroid  factor 

analysis  for  each  individual. 

678  T  Electrical  Engineering.  Prediction  of  Overshoot  to  Step  Functions  in 
ligher  Order  Non- linear  Servos.   Values  of  overshoot  in  third-order  systems 
rill  he  obtained  by  solving  equations  obtained  from  LaPlace  transform  methods . 

>79    Music.  (Chem.  Dept.  Affiliation)  Analysis  of  Counterpoint  by  Monte  Carlo 
fethod.   The  Cantus  Fermi  counterpoints  will  be  analyzed  hy  random  number  techniques 
starting  with  a  single  voice  and  ending  with  four  voices.  A  15  note  scale  will  be 
ised. 

580    Mechanical  Engineering.   Calculation  of  Jet  Boundaries.  A  step-by-step 
aethod  is  used  to  solve  an  equation  for  axially  symmetric  supersonic  jet  flow. 
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Table  I  shows  distribution  of  machine  time  for  the  month  of  September, 


TABLE  I 


Regular  Maintenance  and  Illiac  Engineering 

Unscheduled  Maintenance  or  Repair 

Brum  Engineering 

R.A.R. 

Leapfrog 

Wasted 

Use  by  Departments 
Computer  Group 
Physics 

Control  Systems  Laboratory 
Structural  Research 
Structural  Research  (AF  2^-884) 
Structural  Research  (AF  170  Teapot) 
Psychology  (AF  25726A) 
Psychology 
Education 

Electrical  Engineering 
Chemistry 
Agriculture 
Cosmotron 
Economics 

Institute  of  Communications  Research 
Miscellaneous 
Demonstrations 


3**25 

4:03 
57:09 

6:17 

53^7 

:07 

2:03 

79:36 

4l:00 

3^:23 

1:51 

1:03 

3:06 

1^:31 
:32 

8:08 
35^18 

6:30 
72:10 

5^3 

37:03 
7:31 
2:30 


Total 


508:46 
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V.   ERROR  FREQUENCY  AND  ANALYSIS. 

The  machine  is  normally  used  for  "engineering"  and  maintenance  be- 
tween 8:00  A.M.  and  12:00  N,  and  for  a  check  of  its  performance  between 
6:00  and  6:30  P.M.  of  each  weekday.   Since  the  periods  between  8:00  A.M.  and 
noon,  together  with  certain  irregular  periods  like  Saturdays  and  Sundays,  are 
devoted  to  a  heterogeneous  group  of  functions,  it  is  more  instructive  from  an 
error  analysis  standpoint  to  look  at  the  periods  between  noon  and  8:00  A.M.  of 
the  next  day  in  order  to  make  an  observation  of  the  error  frequency  in  the 
machine.   This  is  the  actual  period  when  the  machine  is  designated  for  use. 
With  this  in  mind,  a  summary  table  has  been  prepared  using  the  period  between 
noon  and  8:00  A.M.  of  the  next  day.   This  table  lists  the  running  time  when 
the  machine  was  operating,  the  amount  of  time  devoted  to  repairs  because  of 
breakdowns,  and  the  number  of  failures  while  the  machine  was  listed  as  running. 
During  the  6:00-6:30  P.M.  period  (when  the  machine  is  checked)  if  no  errors 
are  found,  the  time  is  given  to  the  "running  column."  Each  failure  was  con- 
sidered to  have  terminated  a  running  period  and  was  followed  by  a  repair  period 
in  preparing  this  table.   Since  the  leapfrog  code  is  our  most  significant 
machine  test,  the  length  of  time  which  it  has  been  used  on  the  machine  is 
listed  separately  together  with  the  number  of  errors  associated  with  that 
particular  code.   This  information  for  the  month  is  presented  in  Table  II. 

It  is  important  to  notice  that  any  interruption  of  machine  time  that 
was  not  planned  for  is  considered  a  failure  in  this  table.   In  rare  cases 
where  the  failure  is  not  known  until  a  later  time,  it  is  possible  that  no 
repair  period  is  associated  with  the  failure.  This  overall  system  has  been 
adopted  because  it  makes  it  possible  for  a  machine  user  to  estimate  directly 
the  probability  that  the  machine  will  be  "running"  at  any  instant  of  time  and 
the  probability  of  a  failure  during  any  given  interval  of  running  time. 

VI.  COMMENTS  ON  THE  ILLIAC  AND  RELATED  FACILITIES. 

A  summary  of  the  errors  or  interruptions  occurring  on  the  machine 
from  noon  until  8:00  A.M.  the  next  day  for  each  working  day  since  January  1, 
1955  through  September  3®?   1955  is  contained  in  Table  III.   This  table  covers 
a  period  of  about  37^0  hours  of  machine  use. 
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TABLE  III 

SUMMARY  OF  ERRORS  OR  INTERRUPTIONS 
FROM  JANUARY  1,  1955  TO  OCTOBER  1,  1955 
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February- 
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Totals 


1 
3 


11 


3 
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22 
14 
12 
12 
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25 
8 

25 
11 


29   1^3 


3 
1 

9 

9 

13 

12 

15 
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2 
6 
2 

9 
2 
1 
6 
2 
2 


5 
10 
11 
8 
9 
5 
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75 


32 


6l 


Total  Number  of  Errors  or  Interruptions   353 
Average  per  Month  39° 22 

Magnetic  Drum  Auxiliary  Memory 

A  number  of  difficulties  were  encountered  in  the  temporary  drum 
storage  unit  during  the  month.  The  more  serious  of  these  were: 
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1)  An  open  filament  in  the  cathode  follower  attached  to  2   Ru  in 
the  Illiac.   It  was  observed  that  faults  in  track  address  digits  are  not 
caught  by  the  drum  test  code. 

2)  An  incorrect  setting  of  a  strobing  level  in  the  digit  sensing 
and  correction  circuits.   The  error  was  first  observed  during  the  execution 
of  a  matrix  problem  (Spc.  No.  608),  rather  than  by  the  drum  test  code.   It 
was  learned  that  a  contributing  factor  to  the  difficulty  is  that  recording 
a  word  affects  the  beginning  of  the  next  word  on  the  drum,  due  to  overshoot 
of  the  record  signals.   The  timing  is  such  that  the  overshoot  does  not  affect 
the  playback  signals  during  the  strobe  time.  Preliminary  modifications  of 
the  drum  test  code  to  detect  similar  difficulties  have  been  coded  and  checked. 

VII.  RESEARCH  ON  COMPUTER  COMPONENTS.   (This  work  is  supported  in  part  by 
the  Office  of  Naval  Research  under  Contract  N6or i- 07124. ) 

Direct-Coupled  Transistor  Circuits 

A  2000-hour  test  of  10  transistors  of  the  type  TI  201  has  been 
terminated  during  the  month  of  September.   The  transistors  were  run  at  a 
nominal  temperature  of  130  F  =  55  C,  the  actual  temperature  varying  between 
50  C  and  60  C.  Using  the  collector-dissipation  derating  formula  for  germanium 
transistors  in  GB-stages,  i.e. 

P(25)  -  P(t)    t  -  25 
P(25)        60 

(P(t)  =  rating  at  temperature  t),  we  obtain  an  allowable  dissipation  of  25  mw. 

We  used  i  =  lma,  v  =  20v. 
e      7     c 

All  transistors  showed  a  sharp  initial  drop  in  a:   the  nominal  value 
was  .95^*  after  k   days  all  the  alphas  were  near  .85.  8  of  the  transistors 
stayed  in  the  .85  range  for  the  rest  of  the  test.   Two  however  went  down  to 
=75  after  30  and  60  days  respectively.   The  same  experiment  is  now  going  to 
be  repeated  using  transistors  of  the  type  GE  2N^5° 

The  second  stage  of  the  development  of  a  small  transistorized  model 
computer  of  the  simplest  kind  was  started.  Gates  and  complementing  circuits 
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were  put  into  the  adder  described  in  the  May  issue.   The  carry-propagate  time 
for  5  stages  was  determined  and  found  to  be  of  the  order  of  . 5ns.   The  logical 
design  of  a  control  is  underway  and  a  considerable  number  of  standard  plug- in 
units  (and,  or,  not  and  f lipf lops )  have  already  been  constructed. 

For  applications  in  the  control  circuits  a  new  kind  of  gate-driver 
was  developed  which  uses  the  old  bridge-modulator  gate  but  drives  it  with 
+3v  in  spite  of  a  control  voltage  of  +2v:   this  allows  the  diodes  to  work 
in  the  linear  region,  thus  guaranteeing  a  good  shape  of  the  output  signal. 
The  figure  below  gives  the  circuit  values. 
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The  emitter-base  crosscoupled  f lipf lop  mentioned  in  last  month's 
report  was  modified  in  such  a  way  as  to  eliminate  the  diodes  (see  figure) 
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The  principle  is  simply  that  when  the  collector  of  transistor  T  for  example 
goes  too  far  up  (i.e.  towards  saturation),  transistor  T  is  cut  off  and  the 
loop  gain  is  reduced  "below  1.   To  achieve  this  result,  a  positive^ bias  has 
to  he  applied  to  the  lower  end  of  the  3°6K  voltage  divider. 

Free  running  registers  were  "built  using  both  versions  of  the  emitter- 
base  cross-coupled  flipflop  and  1858  transistors  (f  ~  2.2mc).   In  both  cases 
times  of  the  order  of  . 3 5M-S /operation  were  obtained.   These  times  are  approxi- 
mately twice  as  large  as  those  deduced  from  square-pulse  testing;  but  this  is 
a  phenomenon  which  is  encountered  in  tube  circuitry  too. 

High  Speed  Vacuum  Tube  Circuits 

Two  schemes  for  coupling  from  a  single  moving  point  flipflop 
to  single  moving  point  flipflop  were  considered.   One  of  these  systems  merely 
connects  the  output  of  the  gate  down  to  the  single  moving  point  through  a 
condenser.   Such  a  system  seems  reasonable  so  long  as  no  more  than  one  gate 
is  fastened  to  a  flipflop,  assuming  ac  coupling  is  acceptable.   The  circuit 
is  shown  below. 
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The  second  scheme  has  not  "been  successfully  realized,  hut  it  seems  to 
offer  some  possibilities.  As  yet,  however,  no  very  good  way  of  producing  the 
and  operation  necessary  with  a  gate  has  been  produced.  The  circuit  is  shown 
"below. 


INPUT  o 


O  output 


Ir  may  be  seen  that  when  the  lower  tube  is  cut  off,  the  upper  tube  is  at  0 
bias  and  thus  pulls  upward.  When  the  lower  tube  is  conducting,  the  upper 
tube  is  cut  off  and  the  lower  tube  pulls  down  on  the  output.   The  difficulty 
is  found  in  putting  the  circuit  in  a  state  where  it  neither  pulls  up  nor  down 
while  still  retaining  the  apparent  speed  of  operation. 
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VIII.  CONSTRUCTION. 

Except  for  the  repair  and  improving  of  three  readers,  all  work  in 
the  shops  was  on  the  final  and  test  drum  units. 

Work  on  the  covers  was  finished  and  the  final  unit  was  dismantled 
down  to  the  main  frame  and  moved  into  the  Electronics  Laboratory  where  all 
of  the  wiring  will  be  done.  All  the  primary  filament  wiring  has  been  com- 
pleted and  the  brackets  for  the  secondary  busses  were  made  and  put  on.  Most 
of  the  wiring  of  Dwg.  L587  has  been  completed.  Panels  587A,  587B,  587C, 
587F,  587H  and  587I  have  been  completed.  Also  587D-.  has  been  started  but 
not  yet  finished.  Panel  587E  has  not  been  started.  Wiring  of  the  following 
new  chassis  was  completed:   CN  (MV72),  PG  (M^77),  GC  (Mkj8) ,   SC  (L652)  and 
one  set  of  3  PU  (L655).  Also  SMa  (M6^8)  has  been  remodeled. 

All  of  the  filament  strips  for  the  uprights  have  been  laid  out  and 
half  of  them  have  been  cut  out.  Piling  and  straightening  of  them  has  been 
started. 

The  following  chassis  still  have  to  be  remodeled.  RA  (M550), 
SMb  (M6V7),  MAa  (L6^9) ,  PU  (M653)  and  PA  (l£5h) .     Also  further  changes 
in  the  PR  (L626,  L627,  L628  and  L629)  are  in  order. 

IX.  REPORTS  AND  SEMINARS. 

Seminars 

"Statistics  Applied  to  Electrons"  by  W.  J.  Poppelbaum, 
September  28,  1955 

X.  PERSONNEL. 

The  personnel  associated  with  the  group  and  ehnce  the  contributors 

to  this  report  are: 

Bartky,  Walter  Scott,  l/l  time  Res.  Asst.  (Started  Sept.  16) 

Carter,  Clifford  E.,  Electronics  Engineer  for  Illiac 

Clark,  Miss  Helen  B.,  Secretary 

Clements,  Virgil  P.,  Jr.  Laboratory  Mechanic 

DeWit,  Roland,  1/2  time  Res.  Asst. 

Ehmen,  Mrs.  M.  Gwendolyn,  Computer  Teletype  Operator 
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Farrington,  Carl  C . ,  1/2  time  Res.  Asst. 

Fishel,  Jerome  H.,  l/2  time  Res.  Asst. 

Goldberg,  Jack  L„,  1/2  time  Res.  Asst.  (Started  Sept.  l) 

Golub,  Gene  H.,  1/2  time  Res.  Asst.  (Started  Sept.  l) 

Holm,.  Walter  Ho,  Jr.  Electronics  Technician  (l/2  time) 

Huffman,  Wnu  L.,  Computer  Operator  II 

Kerkering,  Thomas  E.,  Sr.  Laboratory  Mechanic 

Lopeman,  Harold  E.,  Electronics  Engineer  for  Illiac 

Lurie,  Fred  M.,  1/2  time  Res.  Asst.  (Started  Sept.  l6) 

Marlowe,  Arnold  L.,  Computer  Operator  I  (Term.  Sept.  30) 

McGinnis,  Gerald  A.,  Sr.  Electronics  Technician  for  Illiac 

Meagher,  R.  E.,  Chief  Engineer 

Metze,  Gemot  A.,  l/2  time  Res.  Asst.  (Started  Sept.  l) 

Michael,  George  W.,  Administrative  Assistant 

Miller,  Raymond  E„,  l/2  time  Res.  Asst. 

Morrill,  Ronald  F.,  Draftsman 

Muller,  David  E„,  Res.  Asst.  Prof,  of  Applied  Math. 

Hash,  J.  P.,  Res.  Prof,  of  Applied  Math. 

Nelson,  James  C,  l/2  time  Res.  Asst.  (Started  Sept.  l) 

Newmark,  N.  M.,  Chairman,  Executive  Committee 

Pelg,  Edmund,  Jr.  Electronics  Technician 

Poppelbaum,  W.  J.,  Res.  Asst.  Prof. 

Robertson,  James  E.,  Res.  Asst.  Prof,  of  Elec.  Eng. 

Russell,  Miss  Ramona  J.,  Computer  Operator  I 

Schneberger,  Edward  J.,  J./2  time  Res.  Asst. 

Seshu,  Mrs.  Lily  H.,  l/2  time  Res.  Asst. 

Taub,  A.  H. ,  Res.  Prof,  of  Applied  Math. 

Wenta,  Joseph,  Sr.  Electronics  Technician 

Wier,  Joseph  M.,  Research  Associate 

Yu,  Hwa-ETien,  l/2  time  Res.  Asst. 

Student  Assistants 

Geis,  John  P. 
Goodman,  Robert 
Hill,  Robert  S. 
Kirwan,  John  F. 
Ogata,  Albert  I. 

The  work  of  the  group  is  under  the  administration  of  an  Executive 
Committee  with  the  following  members:  N.  M-  Newmark,  Chairman,  D.  E.  Muller, 
W„  J.  Poppelbaum,  J.  E.  Robertson,  J.  P.  Nash,  A.  H»  Taub,  and  R.  E.  Meagher. 


R.  E.  Meaghelj 
REM/hc 
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UNIVERSITY  OF  ILLINOIS 

GRADUATE  COLLEGE 

DIGITAL  COMPUTER  LABORATORY 


TECHNICAL  PROGRESS  REPORT 

Teaching  and  graduate  research  are 
not,  in  general,  reported  herein. 


October  1  -  October  31,  1955 


I.   MATHEMATICAL  RESEARCH  AND  PROGRAMMING .   (This  work  is  supported  in  part  by 
the  Office  of  Naval  Research  under  Contract  N6ori-O7130. ) 

Boolean  Algebra  and  Switching  Circuits 

In  the  theory  of  asynchronous  circuits  the  operation  of  a  circuit 
may  be  described  by  listing  the  time  relationships  of  various  changes  appearing 
in  the  circuit.   These  changes  may  be  partially  ordered  and  expressed  graphically 
by  what  are  called  change  charts.  Various  ways  of  interconnecting  speed -independent 
circuits  have  been  devised  which  preserve  the  property  of  speed  independence .   The 
change  chart  of  the  combined  circuit  can  be  represented  by  a  merging  (also  of 
various  types)  of  the  change  charts  of  the  individual  circuits. 

This  technique  has  been  used  to  build  complex  speed  independent  circuits 
from  simpler  ones.  For  example,  we  can  form  a  scale  of  pq  from  a  scale  of  p  and  a 
scale  of  q.   In  a  different  type  of  interconnection  we  may  obtain  a  scale  of  p+1 
from  a  scale  of  p.  More  general  cases  than  these  have  actually  been  considered. 
It  is  important  to  keep  in  mind  that  these  scaling  circuits  are  defined  and  con- 
structed in  a  very  different  way  from  conventional  circuits. 

The  object  of  this  work  is  to  further  the  development  of  a  rigorous 
mathematical  theory  of  asynchronous  circuits  and  to  develop  techniques  to  use 
in  designing  them. 

The  logical  design  of  several  counters  and  recycling  machines,  some 
of  them  of  +.he  speed- independent  type,  has  been  completed.   The  study  of  a 
speed- independent  Gray  code  counter  with  an  additional  binary  translation 
property  is  continuing.  An  internal  report  covering  speed- independent  counters 
is  being  prepared. 

Floating  Address  Program 

The  basic  design  of  this  program  is  now  established  and  will  not  be 
changed.   The  section  which  compiles  the  list  of  floating  addresses  is  faster 
and  the  decoding  section  has  been  speeded  up. 
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Sturm-Liouville  Systems 

This  research  is  directed  toward  determining  the  effectiveness  of 
making  a  high- order  polynomial  approximation  to  the  function  y(x)  as  opposed 
to  using  a  large  number  of  mesh  points  in  minimizing  the  integral 

I  =  J       p(x)y*   -  q(x)y  -  ^y(x)y   dx. 

a 

The  case  is  being  studied  now  for  p  =  r  =  1,  q  =  0.   Results  of  this  study 
will  dictate  what  further  work  needs  to  be  done. 

Solution  of  Ordinary  Differential  Equations 

A  floating  point  version  of  the  Runge-Kutta  routine  (F-l)  has  been 
prepared.   This  routine  was  found  to  be  more  efficient  than  an  earlier  version 
(which  was  never  placed  in  the  library)  as  well  as  easier  to  use.  A  final  test 
on  a  large  set  of  equations  will  soon  be  made. 

Eigenvalues  and  Eigenvectors 

A  new  automatic  eigenvalue- eigenvector  routine  has  been  written.   This 
routine,  which  makes  use  of  the  magnetic  drum,  will  be  simpler  to  use  than 
Library  Routine  M-3  and  will  permit  consecutive  runs  on  different  sets  of  matrix 
data. 

Post  Mortem  Routines 

The  present  Combined  Post  Mortem  (Library  Routine  C-10)  provides  for 
the  printing  of  groups  of  10  words  in  any  of  five  ways  specified  by  the  user: 
fractions,  integers,  order  pairs,  sexadecimal  numbers,  or  floating  point  numbers. 
Routine  C-10  first  transfers  the  contents  of  electrostatic  storage  locations  3_ 
1023  to  the  magnetic  drum.   The  new  post  mortem  routine  will  perform  the  functions 
of  C-10  and  it  is  hoped  that  it  will  also  include  C-l,  the  Post  Mortem  of  the 
Decimal  Order  Input  and  C-6,  the  Address  Search  Routine.   Seven  options  will  then 
be  possible  and  programmers  will  be  able  to  get  results  easily  and  quickly. 
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II.  ANALYTICAL  PROGRAM.   (This  work  is  supported  in  part  by  the  National 
Science  Foundation  under  Grant  G-1221.) 

The  coding  of  the  integration  of  the  equations  determining  the  flow 
behind  a  shock,  given  the  shock  curve,  and  the  flow  incident  upon  it,  is 
progressing.  A  second  order  integration  technique  is  being  investigated. 

The  coding  of  the  same  problem  with  different  initial  data,  namely 
the  prescribing  of  a  streak  line  behind  the  shock,  is  also  under  way.   Here 
a  study  is  being  made  concerning  the  use  of  the  distance  along  the  streak 
line  and  the  distance  along  the  shock  as  independent  variables  in  contrast 
to  the  characteristic  variables  of  the  problem. 

III.  MACHINE  USE. 

During  October  specifications  were  presented  for  9  new  problems.   This 
list  does  not  indicate  how  the  Illiac  was  used  because  large  amounts  of  machine 
time  may  have  been  consumed  by  problems  with  numbers  less  than  68l.  Numbers 
followed  by  T  are  for  theses . 

681  Physics.  University  of  Rochester.  Solution  of  Integral  Equations  for 
Meson-Nucleon  Scattering.  This  is  a  continuation  of  a  problem  begun  in  the 
Physics  Department  of  the  University  of  Illinois. 

682  Structural  Research.  Dynamic  Response  of  a  Multi-Degree-of-Freedom  System. 
The  problem  involves  the  solution  of  a  second  order  differential  equation. 

683  Computer.  Revised  Automatic  Eigenvalue  Routine.   By  using  the  magnetic  drum 
only  two  parameters  are  needed  for  calculating  eigenvalues  and  eigenvectors  of  a 
symmetric  matrix.   These  parameters  designate  whether  both  eigenvalues  and  eigen- 
vectors are  to  be  computed  and  the  number  of  decimal  places  to  be  printed.   Problems 
can  be  run  consecutively. 

68^4-  Dairy  Science.  Prediction  of  Milk  and  Fat  Production  from  Physical  Measurements 
of  Calves.   The  data  gathered  will  be  processed  using  Library  Routine  K-2. 
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685  Electrical  Engineering.   Test  Problem  for  Bessel  Function  Calculation.   The 
program  calculates  J  (x)  using  a  power  series  representation. 

686  Industrial  Education.   Training  Needs  Test  Analysis.   The  Training  Weeds 
Test  consists  of  18  test  scores  and  a  total  score.   Three  problems  to  be  solved 
are  the  matrix  of  intercorrelation  tests,  the  matrix  of  correlations  of  the  test 
scores  and  total  score  with  the  criterion  measures,  and  the  split-half  reliability 
coefficient  for  each  of  the  sub-tests. 

687  Dairy  Science.  Measurement  of  Genetic  and  Environmental  Changes  in  a  Herd 
of  Cattle.   The  problem  is  carried  out  by  the  solution  of  simultaneous  linear 
algebraic  equations.. 

688  Electrical  Engineering.   Calculation  of  Bessel  Functions.  Results  of  this 
calculation  will  be  used  to  integrate  the  electrical  and  magnetic  field  equations 
where  circular  symmetry  occurs. 

689  T  Theoretical  and  Applied  Mechanics.   Boundary  Value  Problem  in  Thin  Plate 
Theory  of  Elasticity.   The  problem  involves  solutions  of  simultaneous  linear 
algebraic  equations. 

Table  I  shows  distribution  of  machine  time  for  the  month  of  October. 

TABLE  I 

Regular  Maintenance  and  Illiac  Engineering           ^5:58 

Unscheduled  Maintenance  or  Repair                   9^29 

Drum  Engineering  11:^9 

R.A.R.  5:51 

Leapfrog  112 : lk 

Wasted  :12 
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TABLE  I  (Cont.) 
Use  by  Departments 

Computer  Group 

Physics 

Control  Systems  Laboratory 

Structural  Research  Laboratory 

Structural  Research  (AF  2^99^) 

Structural  Research  (AF  170  TEAPOT) 

Psychology 

Psychology  (AF  25726A) 

Electrical  Engineering  (AF-310) 

Electrical  Engineering 

Chemistry 

Agriculture 

Cosmotron 

Economics 

Psychology  (Navy  Task  35) 

Institute  of  Communications  Research 

Institute  of  Communications  Research  (PH  3M9067) 

Classes 

Demonstrations 

Miscellaneous 


1: 

03 

7^ 

.29 

57 

20 

3 

27 

9 

08 

2 

25 

k 

35 

1 

05 

08 

3 

33 

^5 

kl 

Ik 

^3 

76 

31 

1 

'37 

30 

8 

•13 

•  3h 

1 

^5 

11 

20 

10 

18 

513:58 


IV.   ERROR  FREQUENCY  AND  ANALYSIS. 

The  machine  is  normally  used  for  "engineering"  and  maintenance  between 
8:00  A.M.  and  12:00  N,  and  for  a  check  of  its  performance  between  6:00  and  6:30  P.M. 
of  each  weekday.   Since  the  periods  between  8:00  A.M.  and  noon,  together  with 
certain  irregular  periods  like  Saturdays  and  Sundays,  are  devoted  to  a  heterogeneous 
group  of  functions,  it  is  more  instructive  from  an  error  analysis  standpoint  to  look 
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at  the  periods  between  noon  and  8:00  A „M.  of  the  next  day  in  order  to  make  an 
observation  of  the  error  frequency  in  the  machine.   This  is  the  actual  period 
when  the  machine  is  designated  for  use.  With  this  in  mind,  a  summary  table 
has  been  prepared  using  the  period  between  noon  and  8:00  A.M.  of  the  next  day. 
This  table  lists  the  running  time  when  the  machine  was  operating,  the  amount 
of  time  devoted  to  repairs  because  of  breakdowns,  and  the  number  of  failures 
while  the  machine  was  listed  as  running.   During  the  6:00-6:30  P.M.  period 
(when  the  machine  is  checked)  if  no  errors  are  found,  the  time  is  given  to 
the  "running  column."  Each  failure  was  considered  to  have  terminated  a  running 
period  and  was  followed  by  a  repair  period  in  preparing  this  table.   Since  the 
leapfrog  code  is  our  most  significant  machine  test,  the  length  of  time  which 
it  has  been  used  on  the  machine  is  listed  separately  together  with  the  number 
of  errors  associated  with  that  particular  code.   This  information  for  the  month 
is  presented  in  Table  II. 

It  is  important  to  notice  that  any  interruption  of  machine  time  that 
was  not  planned  for  is  considered  a  failure  in  this  table.   In  rare  cases  where 
the  failure  is  now  known  until  a  later  time,  it  is  possible  that  no  repair  period 
is  associated  with  the  failure.   This  overall  system  has  been  adopted  because 
it  makes  it  possible  for  a  machine  user  to  estimate  directly  the  probability 
that  the  machine  will  be  "running"  at  any  instant  of  time  and  the  probability 
of  a  failure  during  any  given  interval  of  running  time. 

V.   COMMENTS  ON  THE  ILLIAC  AND  KSIATED  FACILITIES. 

Table  III  presents  a  summary  of  errors  or  interruptions  for  October . 

TABLE  III 


Arithmetic 

Unit 

2 

Memory 

k 

Control 

1 

Unknown 

0 

Reading 

8 

Power  Supplies 

0 

Punching 

3 

Printer  Control 

0 

Total    18 

It  may  be  noted  that  out  of  the  21  days  of  Illiac  operation,  10  days  were 
without  an  error  or  interruption  and  of  the  11  remaining  days  8  days  had  only  a 
few  minutes  of  "unscheduled  repair"  time.   This  month  has  had  an  unusually  low 
error  or  interruption  rate . 
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Magnetic  Drum  Auxiliary  Memory 

The  temporary  drum  storage  unit  was  taken  out  of  service  on  October  Inl- 
and, chassis  to  be  used  in  the  final  unit  were  removed.   During  the  month,  new 
control  chassis  and  fourteen  of  the  twenty  preamplifier  chassis  were  checked. 
Additions  and  corrections  of  the  drum  drawings  were  made  to  standardize  nomen- 
clature throughout  the  complete  set  of  drawings . 

VI.  RESEARCH  ON  COMPUTER  COMPONENTS.   (This  work  is  supported  in  part  by  the 
Office  of  Naval  Research  under  Contract  N6ori-07124. ) 

Fast  Transistor  Circuits 

A  shipment  of  20  Raytheon  CK762  (  =  2WLlk)   transistors  had  been  received 
at  the  end  of  October.  A  racing  register  (circuit  diagram  on  next  page)  was  built 
rith  a  speed  within  a  factor 'of  three "of  the  fastest  tube  circuits,  i.e. 
the  combined  gating  and  turn-over  time  is  90  mp.s .  It  is  interesting  to  compare 
the  a-cutoff  frequencies  f  of  3  kinds  of  transistors  used  in  the  same  circuit: 


Transistor 

GE  2N^3 
WE  I858 
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mc 

20 
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Gating  and  Turn- over  Time 
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O.7O  |1S 
0.09  (IS 


It  is  thought  that  in  the  near  future  the  characteristic  time  for 
CK762  transistors  can  be  reduced  to  60  mu-s:  we  hope  to  achieve  this  by  using 
diode  stabilization  in  the  circuit  and  by  lowering  the  impedance  in  accordance 
rith  the  lower  working  voltages  of  Raytheon  transistors. 

Fast  Vacuum  Tube  Circuits 

A  number  of  new  flipflop  ideas  were  tried  out  experimentally  and  will 
be  described  in  a  separate  report.  Only  two  of  the  designs  proved  to  be  worth- 
while for  further  consideration:  one  is  the  beam-switching  tube  flipflop  and  the 
other  one  the  crosscoupled  cathode- follower  flipflop,  a  tube  analog  of  the  transistor 
circuit  mentioned  in  the  last  section.  The  figures  indicate  how  gating  is  performed. 
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The  manner  of  operation  of  the  crosscoupled  cathode-follower  flipflop 
is  as  follows:   if  the  current  in  T  increases,  the  drop  across  its  2K  cathode 
resistor  increases  and  drives  T  into  cutoff.   This  means  that  the  grid  (and 
therefore  the  cathode)  of  T.  go  up  to  supply  voltage  level  v  ,  leaving  the 
grid  of  T  in  the  neighborhood  of  v   multiplied  by  the  division  ratio  of  the 
3.6K,  6.2K  voltage  divider.   Thus  the  upper  end  of  the  6.2K  resistor  is  essentially 
at  the  same  voltage  whether  Tp  or  T  conducts:   the  6.2K  resistor  acts  like  a 
constant  current  source.   But  we  have  supposed  that  the  current  in  T  increases: 
this  brings  its  plate  down  and  by  virtue  of  the  cathode  follower  the  voltage  drop 
across  the  3-6K  resistor  decreases  and  therefore  the  current  in  it.   Since  the 
6.2K  resistor  is  a  constant  current  source,  this  means  that  the  current  in  T 
must  increase  further  still. 
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A  'beam- switching  tube  operates  like  a  cathode  ray  tube,  except  that 
the  beam  hits  a  split  target.   In  the  flipflop  the  target  plate  voltages  are 
fed  back  (after  a  suitable  dc-stepdown  in  VR- tubes)  to  the  deflection  electrodes 
and  it  is  easy  to  see  that  for  a  big  enough  load  resistor  the  tube  will  be  able 
to  hold  the  beam  in  either  position.   The  circuit  is  especially  attractive  because 
of  its  great  simplicity  and  the  natural  push-pull  features. 
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Racing  registers  have  been  built  with  both  kinds  of  flipflops  and  the 
combined  gating  and  turn-over  time  was  25m)-is  for  the  crosscoupled  flipflops 
and  100  mu-s  for  the  beam- switching  flipflops. 

Some  tests  have  been  made  on  grid  gating  of  relatively  standard  flipflops 
The  system  as  it  was  tried  approximates  a  double  gating  scheme.  The  circuit  is 
shown  below. 
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This,  circuit  was  used  with  pulses  as  short  as  20  millimicroseconds . 
The  two  pulses  were  obtained  by  generating  one  short  pulse  and  using  it  at  both 
ends  of  a  length  of  coaxial  cable  which  has  a  length  which  is  electrically  longer 
than  the  pulse.   It  was  found  possible  to  turn  the  flipflop  over  and  back  in 
about  ^0  to  50  millimicroseconds  total  elapsed  time  for  both  gates .   The  rise 
and  fall  times  were  reduced  to  about  10  millimicroseconds.  At  the  conclusion 
of  this  work,  it  was  realized  that  the  circuit  will  not  operate  for  a  long 
sequence  of  gates  from  one  flipflop  to  another.   Since  the  gate  circuit  gain  is 
less  than  one,  after  passing  through  several  sequential  circuits,  no  signal 
remains  for  gating  succeeding  flipflops.   It  is  expected  that  the  following 
alteration  of  the  circuit  will  cure  this  problem.   The  gate  into  only  one  plate 
of  the  flipflop  is  shown.  A  similar  one  exists  on  the  other  plate. 
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It  is  expected  that  this  circuit  will  operate  slightly  slower  than  the  previous 
one,  but  the  presence  of  gain  should  make  it  possible  to  use  it  in  a  longer 
sequence.   It  is  also  possible  to  use  it  in  a  racing  register. 
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To  speed  up  the  design  of  the  various  flipflops  a  code  was  written 
to  solve  for  the  three  resistors  of  the  usual  flipflop  circuit  when  the  power 
voltages,  resistor  and  power  tolerances,  and  desired  operating  voltages  are 
specified. 

VII.  CONSTRUCTION. 

Almost  all  of  the  effort  in  the  shop  during  October  was  on  the  final 
drum  unit.  All  of  the  "basic  filament  wiring  was  completed.  All  of  the  circuits, 
altered  where  necessary,  have  been  completed  and  are  ready  to  be  installed  in 
the  drum  rack.   The  work  on  the  drum  unit  which  remains  to  be  completed  consists 
of  the  wiring  of  the  preamplifier  chassis  in  the  rack,  the  installation  of  the 
drum  and  the  mounting  of  the  covers . 

VIII.  REPORTS  AND  SEMINARS. 

Seminars 

"Electrons  and  Holes  in  Semiconductors,"  by  W.  J.  Poppelbaum, 
October  k,   1955- 

"Plow  and  Continuity  Equation  for  Carriers  in  Semiconductors," 
by  W.  J.  Poppelbaum,  October  11,  1955- 

"Fundamental  Transistor  Equations, "  by  W.  J.  Poppelbaum, 
October  l8,  1955. 

"The  Cauchy  Problem  and  Characteristic  Equations."  by  Carl  C. 
Farrington,  October  25,  1955- 
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I.   MATHEMATICAL  RESEARCH  AMD  PROGRAMMING.   (This  work  is  supported  in  part  by 
the  Office  of  Naval  Research  under  Contract  N6ori-O7130. ) 

Boolean  Algebra  and  Switching  Circuits 

A  method  of  design  was  developed  to  obtain  speed  independent  circuits 
for  all  scales  of  odd  n.  With  the  previously  obtained  scale  of  two  counter,  this 
means  that  speed- independent  counters  of  any  scale  can  be  formed. 

A  transformation  was  obtained  which  enables  one  to  replace  the  logical 
F-element  (the  single-ended  flipflop)  by  a  c-element  (an  element  which  conforms 
to  a  majority  element  in  which  the  output  is  fed  back  as  one  of  the  inputs).   Un- 
fortunately, it  is  generally  not  possible  to  replace  the  c-element  by  an  F-element 
and  maintain  speed- independent  performance  in  the  circuit. 

Plans  have  been  made  for  a  computer  program  which  will  analyze  asynchronous 
circuits.   It  will  classify  circuits  as  follows: 

1.  Totally  sequential, 

2.  Speed- independent  and  distributive, 

3.  Speed-independent, 

h.     Not  speed- independent. 
In  case  one  of  the  first  three  conditions  holds,  the  program  will  also  indicate 
whether  or  not  the  circuit  stops,  while  if  the  fourth  condition  holds  the  nature 
of  the  failure  will  be  indicated. 

Several  new  results  were  obtained  in  the  theory  of  speed- independent 
circuits.   It  was  shown  that  the  states  of  such  a  circuit  form  a  semi-modular 
lattice.   If  a  subset  of  the  complete  set  ofnodes  of  the  circuit  is  studied, 
the  states  of  this  subset  correspond  to  ideals  of  the  original  lattice. 

A  report  is  to  be  prepared  (internal  Report  No.  66)   which  will  define 
the  terms  mentioned  here  and  which  will  discuss  the  results  in  detail. 

Floating  Address  and  Compiling  Routines 

That  part  of  the  floating  address  program  which  forms  the  list  of 
addresses  has  been  checked  out,  and  some  useful  modifications  in  the  section  which 
replaces  the  Williams  memory  address  in  those  words  having  pseudoaddresses  have 
been  made.   The  location  of  the  Decimal  Order  Input  routine  will  now  be  changed 
to  make  way  for  housekeeping  orders  of  the  floating  address  program.  Work  is 
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also  continuing  on  the  investigation  of  an  appropriate  compiling  routine  to  work 
with  the  floating  address  routine. 

Post  Mortem  Routines 

A  workable  form  for  the  combined  post  mortem  routine  for  the  magnetic 
drum  has  been  determined  and  is  now  being  programmed.   This  routine  will  retain  the 
features  of  Library  Routine  C-10  and  will  include  the  Address  Search  Routine,  C-6. 
The  Post  Mortem  Version  of  the  Decimal  Order  Input,  which  is  the  basic  post  mortem 
routine,  will  be  included  at  a  later  date  when  the  final  form  of  the  new  Decimal 
Order  Input  routine  has  been  decided  upon  and  completed. 

II.  ANALYTICAL  PROGRAM.  (This  work  is  supported  in  part  by  National  Science 
Foundation  through  Grant  G-1221.) 

The  study  of  the  motion  of  a  fluid  or  gas  in  its  own  gravitational  field 
is  a  problem  in  general  relativity,  which  has  applications  in  astrophysics.   The 
problem  has  been  formulated  mathematically  for  isentropic  motions  of  a  compressible 
fluid  in  a  space- time  admitting  plane  symmetry  by  using  a  co-moving  coordinate 
system. 

The  interpretation  of  these  equations  is  made  through  the  use  of  co- 
moving  coordinates  in  special  relativity.   The  relation  between  these  coordinates 
and  the  Lagrangian  coordinates  of  classical  hydrodynamics  has  been  studied  in 
detail.   The  problem  of  determining  static  solutions  of  space- times  admitting 
plane  -symmetry  has  been  reduced  to  the  solution  of  an  ordinary  differential 
equation.   The  nature  of  this  differential  equation  depends  on  the  caloric  equation 
of  state  of  the  fluid  whose  presence  creats  a  gravitational  field.   Similar  methods 
may  be  used  on  space-times  admitting  spherical  symmetry.   It  is  planned  to  derive 
the  corresponding  ordinary  differential  equation  and  to  integrate  it  numerically 
for  various  simple  caloric  equations  of  state. 

III.  PROGRAM  LIBRARY. 

The  following  new  program  was  added  to  the  active  library.   It  was  pre- 
pared by  Mr.  Leroy  Augenstine  of  the  Control  Systems  Laboratory. 
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K-10  (191)         Calculate  Autocorrelation  of  a  Time  Series .  85  words . 

This  is  a  closed  routine  with  four  parameters  which 
are  used  to  define  the  number  and  location  of  the 
variables,  the  lag,  and  the  location  of  the  calculated 
autocorrelations . 

The  following  new  programs  have  been  added  to  the  auxiliary  library. 
K-9  was  prepared  by  Professor  W.  C.  Jacob  of  the  Agronomy  Department,  K-ll  by 
messrs.  J.  0  Neuhaus  and  R.  J.  Twery  of  the  Psychology  Department,  and  F-k   by 
Messrs.- R.  A.  Rubenstein  and  S.  Machlup  and  Mrs .  Marjorie  Ruse  of  the  Physics 
Department . 

K-9  (190)  Product  Moment  Correlations,  Means, Standard  Deviations , 

Variances  and  Co variances  in  Logarithmic  Scale.  Com- 
plete Program.   This  program  is  the  same  as  K-2  except 
for  a  modification  which  takes  the  logarithm  of  each 
number  as  it  is  read  in. 

K-ll  (192)         Quartimax  Orthogonal  Rotation  of  Factors .   Complete 

Program.   This  program  is  a  method  of  rotation  which 
finds  the  orthogonal  transformation  which  maximizes 
the  variance  of  the  squared  factor  loadings.   The 
method  is  equivalent  to  maximizing  the  fourth  powers 
of  the  loadings .   If  p  is  the  number  of  variables 
and  m  is  the  number  of  factors,  the  capacity  is  limited 
by  m°p  <  7^5 • 

F-4  (198)  Numerical  Solution  of  the  Schroedinger  Equation  for 

Central  Fields .   Complete  Program.  This  "program" 
is  actually  a  set  of  versatile  programs  capable  of 
handling  Schroedinger  problems  for  any  spherically 
symmetric  potential,  positive  and  negative  energy 
states,  up  to  five  wave  functions  simultaneously. 
In  their  present  state  the  programs  can 
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(1)  find  eigenvalues  (permitted  negative  energies); 

(2)  print  out  values  of  thewave  functions  at 
regularly  spaced  intervals,  and  find  the 
nodes  and  extrema; 

(3)  evaluate  matrix  elements  (transition  probabil- 
ities, normalization  integrals,  dipole 
moments,  etc.; 

(k)   solve  self- cons is tent  field  problems. 

The  Noumerov  method  is  used  for  integration  and  a 
five-point  extrapolation- iteration  scheme  is  pro- 
vided for  finding  the  initial  value  of  the  second 
derivative  of  the  wave  function. 

Y-3  (20l)  Input  Routines  to  Drum  Memory.   148  words .   This  is  a 

closed  routine  which  will  take  any  library  routine  and 
store  it  on  the  drum,  preserving  all  of  the  terminating 
symbols  of  the  Decimal  Order  Input  (Library  Routine  X-l) 

M-17  (197)         Post  Multiplication  of  a  Matrix  A _or  Its  Transpose 

A  by  a   Vector  k.  k^   words .  A  closed  routine  with 
one  program  parameter,  this  program  is  designed  for 
use  with  Library  Routine  N-9,  the  input  routine  which 
stores  only  the  non-zero  elements  of  a  matrix. 

IV.   MACHINE  USE. 

During  November  specifications  were  presented  for  l6  new  problems .   This 
list  does  not  indicate  how  the  Illiac  was  used  because  large  amounts  of  machine 
time  may  have  been  consumed  by  problems  with  numbers  less  than  69O.   Numbers 
followed  by  T  are  for  theses . 

690  Physics.   Pinning  of  Dislocation  Lines  by  Impurity  Atoms.   The  problem  is  con- 
cerned with  a  3-dimensional  lattice  which  is  regular  in  only  one  direction.   Sums 
are  carried  out  over  some  5,000  ion  rows. 
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691  T  Electrical  Engineering.  Evaluation  of  a  Transfer  Function.  The  problem, 
which  arises  in  the  study  of  a  servomec nanism  system,  requires  the  evaluation  of 
some  complex  partial  fraction  expansions. 

692  Computer.   Flipflop  Resistor  Chain.   The  program  uses  an  iterative  scheme  to 
solve  for  the  three  resistances  in  a  flipflop  chain  when  the  supply  voltages,  down 
plate  voltage,  up  and  down  grid  voltages,  plate  current,  grid  current,  power  supply 
tolerance,  and  resistor  tolerance  are  given. 

693  Psychology.  Analysis  of  Test  Structure.  The  quartimax  method  is  used  to 
interpret  the  results  of  several  tests . 

69k     Agricultural  Economics.  Farm  Planning  by  Linear  Programming.   The  problem  is 
to  select  optimum  farm  organizations  for  typical  farm  situations,  the  variables 
being  soils,  supplies,  and  other  resources. 

695  T  Electrical  Engineering.   Performance  of  a  Non-linear  Servo  System.   The 
Runge-Kutta  method  will  be  used  in  the  integration  of  the  differential  equations 
describing  a  potentially  linear  nth  order  servo  system  as  the  servo  motor  torque 

I  is  made  several  different  functions  of  the  state  of  the  system  in  phase  space. 

696  Structural  Research  Laboratory.  Multi-Degree-of -Freedom  System.  The  program 
uses  Newmark's  method  for  the  integration  of  a  system  of  second  order  differential 
equations . 

697  Mathematics.  Efficiency  of  Systematic  Sampling.  An  investigation  is  being 
made  of  the  efficiency  of  systematic  sampling  in  which  n  elements  are  selected 
from  a  population  of  I  =  kn  elements  by  ordering  the  population,  choosing  randomly 
one  of  the  first  k  elements,  and  then  taking  that  element  and  every  kth  element 
thereafter.  Several  populations  will  be  studied. 
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698  T  Physics.   Band  Structure  of  Aluminum.   The  program  combines  the  quantum 
defect  method  with  a  determinantal  method. 

699  Computer.  Floating  Address  Routine.   This  is  a  test  of  the  input  routine 
to  be  used  with  the  floating  address  program. 

700  Mathematics.   Tournament.  Method  of  Sorting.   This  program  solves  the  problem  of 
picking  from  a  list  of  n  numbers  the  k  largest. 

701  Mathematics.  Automatic  Data  Shuffler.   In  sorting  n  numbers  into  a  list  of 
decreasing  magnitude,  the  data  are  partitioned  into  a  number  of  groups  of  size  as 
near  n  as  possible  and  then  these  are  sorted. 

702  Institute  of  Communications  Research.   Comparison  of  R  and  Q  Techniques  of 
Factor  Analysis .   The  computation  is  carried  out  through  use  of  a  number  of 
library  routines. 

703  Psychology.   Investigation  of  Second  Order  Factors.  A  set  of  intercorrelations 
already  obtained  from  correlating  oblique  reference  vectors  will  be  factored  using 
the  Principal  Axes  Method  of  Factor  Analysis,  Library  Routine  M-7« 

70^  Chemistry.   Statistical  Properties  of  Real  Polymers.   The  problem  is  con- 
cerned with  the  study  of  random  walks  in  lattice  structures  different  from  a 
ninety-degree  lattice. 

705  Structural  Research.   Solution  of  Rectangular  Plate  Deflection.   Library 
Routine  L-2  is  modified  to  solve  the  simultaneous   equations  resulting  from 
writing  the  network  of  special  finite  difference  equations  for  a  plate  simply 
supported  on  three  sides  and  with  a  variable  stiffness  beam  on  the  fourth  side. 
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Table  I  shows  distribution  of  machine  time  for  the  month  of  November. 


TABLE  I 


Regular  Maintenance  and  Illiac  Engineering 

47:27 

Unscheduled  Maintenance  or  Repair 

16:53 

R.A.R. 

5:52 

Leapfrog 

^3:25 

Wasted 

:30 

Use  by  Departments 

Computer  Group 

6:51 

Physics 

115:48 

Control  Systems  Laboratory 

67:^9 

Structural  Research 

29:59 

Structural  Research  (AF  24994) 

8:10 

Psychology  (AF  25726A) 

5:28 

Industrial  Education  (AF  1350) 

2:39 

Psychology 

9: 06 

Electrical  Engineering  (AF  310) 

:30 

Electrical  Engineering 

1:07 

Chemistry 

18:50 

Cosmotron 

98:36 

Agriculture 

11:27 

Economics 

5:44 

Ins to  of  Communications  Research  (PH  3M9067) 

:14 

Inst,  of  Communications  Research 

1:53 

University  of  Rochester 

:38 

Classes 

:05 

Demonstrations 

8:36 

Miscellaneous 

4:18 

Total 


511:55 
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V.   ERROR  FREQUENCY  AND  ANALYSIS. 

The  machine  is  normally  used  for  "engineering"  and  maintenance  between 
8:00  A.M.  and  12:00  N,  and  for  a  check  of  its  performance  between  6:00  and  6:30  P.M. 
of  each  weekday.   Since  the  periods  between  8:00  A.M.  and  noon,  together  with 
certain  irregular  periods  like  Saturdays  and  Sundays,  are  devoted  to  a  heterogeneous 
group  of  functions,  it  is  more  instructive  from  an  error  analysis  standpoint  to  look 
at  the  periods  between  noon  and  8:00  A.M.  of  the  next  day  in  order  to  make  an  obser- 
vation of  the  error  frequency  in  the  machine.   This  is  the  actual  period  when  the 
machine  is  designated  for  use.  With  this  in  mind,  a  summary  table  has  been  prepared 
using  the  period  between  noon  and  8:00  A.M.  of  the  next  day.   This  table  lists  the 
running  time  when  the  machine  was  operating,  the  amount  of  time  devoted  to  repairs 
because  of  breakdowns,  and  the  number  of  failures  while  the  machine  was  listed  as 
running.  During  the  6:00-6:30  P.M.  period  (when  the  machine  is  checked)  if  no 
errors  are  found,  the  time  is  given  to  the  "running  column."  Each  failure  was 
considered  to  have  terminated  a  running  period  and  was  followed  by  a  repair  period 
in  preparing  this  table.   Since  the  leapfrog  code  is  our  most  significant  machine 
test,  the  length  of  time  which  it  has  been  used  on  the  machine  is  listed  separately 
together  with  the  number  of  errors  associated  with  that  particular  code.   This 
information  for  the  month  is  presented  in  Table  II. 

It  is  important  to  notice  that  any  interruption  of  machine  time  that  was 
not  planned  for  is  considered  a  failure  in  this  table.   In  rare  cases  where  the 
failure  is  not  known  until  a  later  time,  it  is  possible  that  no  repair  period  is 
associated  with  the  failure.   This  overall  system  has  been  adopted  because  it 
makes  it  possible  for  a  machine  user  to  estimate  directly  the  probability  that 
the  machine  will  be  "running  '  at  any  instant  of  time  and  the  probability  of  a 
failure  during  any  given  interval  of  running  time. 


VI.   COMMENTS  ON  THE  ILLIAC  AND  RELATED  FACILITIES . 

Table  III  presents  a  summary  of  errors  or  interruptions  for  November. 
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TABLE  III 
Summary  of  Errors 


Arithmetic  unit 

1 

Control 

1 

Reading  combined  with 

punching 

8 

Reading  only 

21 

Punching  only 

3 

Memory 

2 

Reader  control 

1 

Input- output  control 

1 

Unknown 

1 

Total 


39 


During  the  month  engineering  effort  on  the  drum  storage  unit  consisted 
mainly  of  checking  preamplifier  chassis  and  other  new  chassis  for  the  final  drum 
unit„  At  the  end  of  the  month  the  wiring  of  the  unit  was  complete  except  for  the 
cables  between  the  preamplifiers  and  the  drum. 


VII.   RESEARCH  ON  COMPUTER  COMPONENTS .   (This  work  is  supported  in  part  by  the 
Office  of  Naval  Research  under  Contract  N6ori-0712^. ) 

Fast  Vacuum  Tube  Circuits 

As  was  mentioned  in  the  progress  report  for  October,  a  fast  vacuum 
tube  gating  system  with  a  gate  with  some  gain  was  tried.  The  form  of  the  circuit 
is  shown  below. 


^AT£J 


Figure  1 
-11-  ' 


The  two  negative  pulses  were  supplied  by  making  one  pulse  and  using  it  twice, 
once  at  each  end  of  a  coaxial  cable.   It  was  found  that  pulses  of  duration  20 
millimicroseconds  were  sufficiently  long  to  turn  the  flipflop  over.   The  best 
rise  times  obtained  at  the  flipflop  were  about  10  millimicroseconds .   The  actual 
time  elapsed  from  the  start  of  the  gate  pulse  until  the  flipflop  is  turned  over 
to  its  final  state  is  about  30  to  35  millimicroseconds.   Thus  the  gate  pulse  has 
been  completed  before  the  end  of  the  process.   Obviously  the  stray  capacities  that 
are  charged  during  the  gating  pulse  are  the  driving  sources  for  the  latter  part  of 
the  process  when  the  gate  pulse  has  been  completed  and  the  circuit  is  still  moving. 
All.  observations  were  made  by  going  into  the  observing  scope  on  the  deflection 
plates . 

A  report  on  the  recent  vacuum  tube  circuit  work  is  now  being  prepared. 

Fast  Cross- coupled  Transistor  Circuits 

Surface-barrier  transistors  with  60mc  a- cutoff  frequency  received 
in  November  permitted  us  to  obtain  operation  times  of  the  order  of  30mus  with 
the  racing  register  described  in  the  last  issue.   In  order  to  obtain  a  bigger 
swing  and  a  greater  speed,  the  flipflop  was  redesigned.   The  flipf lop-gate- complex 
now  uses  the  values  given  below  (Figure  2).   The  minimum  operation  time  obtained 
was  about  20  mu-s.  A  more  detailed  consideration  of  the  mechanism  of  the  flipflop 
shows  that  with  presently  available  transistors  the  minimum  time  obtainable  is  In 
the  neighborhood  of  10  mu.s„   It  is  not  thought  practical  to  continue  research  in 
this  direction  for  the  time  being. 

A  fairly  simple  way  of  treating  the  tolerance  problems  of  cross-coupled 
flipf lops  was  devised.  For  this  we  consider  Figure  3  in  which  one-half  of  the 
flipflop  is  split  into  its  two  constituents:   the  emitter- follower  (input  voltage  g', 
output  voltage  w')  and  the  amplifier  (input  voltage  u',  output  voltage  f);  the 
voltage  -u  is  treated  as  a  parameter.   To  simplify,  it  is  assumed  below  that  the 
transistors  involved  have  a  =   1.   The  more  general  discussion  uses  the  same 
principles.   Introducing 

R,  +  Rp  R~ 

f  -  _v   — - =—  +  V  - 

o     o  R-,  +  R  +  R      R  +  R  +  R 
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We  then  have  for  the  emitter-follower  and  the  amplifier  respectively: 

1  f1 
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«*  o' 


—  Wo 
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-LL0, 
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Emitter- f o llower 


Amplifier 


Figure  h 

Giving  the  two  stable  states  1  and  3  by  a  combined  graph: 

T  *^ 


Figure  5 
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Repeating  this  construction  for  the  different  values  of  u   (which  modifies 

w  =flu  l)  we  obtain  the  "state-graph"  for  one-half  of  the  flipflop: 
o    o 

/ 


-u.. 


Figure  6 


where 


uL=  f 

o     o 


U   =  — 
O     X 


xr  +  r 


Combining  this  graph  with  a  similar  one  for  the  second  half  (with  T  " 

as  emitter- follower),  we  obtain  the  stable  states  of  the  crosscoupled  flipflop. 

*      U* 

In  the  figure  f   and  u    refer  to  the  right-hand  half  of  the  flipflop:   the 

dashed  part  of  the  figure  is  similar  to  the  loop  in  the  u',  -  u  plane,  but 
the  axes  are  interchanged.   The  possible  states  of  the  system  are  given  by  the 

!J  off"  and   "T|  off"  with   "T^  on." 
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A' 


Discussing  tolerances  now  simply  means  replacing  the  two  lines  "T'  off" 
and  "T"  off"  by  bands  of  appropriate  width  and  the  two  lines  through  the  origin 
by  fan-shaped  sectors  of  calculable  angular  opening. 

Fast  Eccles -Jordan  Transistor  Circuits 

A  racing  register  was  constructed  using  surface-barrier  transistors 
in  a  cathode  coupled  nonsaturating  Eccles- Jordan  circuit.  A  two  flipflop  circuit 
recirculated  at  about  0.12  to  0.13  microseconds.   Thus  it  might  be  stated  that 
the  operation  time  is  about  30  millimicroseconds  per  flipflop  turnover.  Actually, 
since  the  succeeding  flipflop  is  instructed  to  turn  over  before  the  previous  one 
has  completed  its  swing,  the  actual  turnover  time  is  probably  nearer  to  60  milli- 
microseconds than  to  30  millimicroseconds. 


Fast  Logical  Transistor  Circuits 

In  order  to  carry  out  logic  at  these  high  speeds  a  complete  set 
of  logical  elements  is  required.  With  a  single  type  of  transistor,  either  npn 
or  pnp,  it  is  possible  to  obtain  either  an  and  circuit  or  an  or  circuit  with  a 
very  fast  emitter-follower  type  circuit  which  is  completely  analogous  to  the 
Illiac  and  circuit.  A  typical  circuit  for  npn  transistors  is  shown  below. 


A 


A.  o- 


\S 


-o  B> 


-o(f\'&) 


Figure  o 

If  both  npn  and  pnp  transistors  become  available,  a  corresponding  circuit  may  be 
made  to  yield  the  other  one  of  the  and- or  set.   The  pnp  equivalent  of  the  circuit 
above  yields  an  or  circuit  in  the  same  system  of  logic, 

+  E. 


A^ 


-o  (/Vvl5) 


It 


^>& 


Figure  9 
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Since  a  marginal  speed  advantage  is  obtained  by  using  pnp  transistors,  most  manu- 
facturers are  making  pnp  devices .   This  is  particularly  true  in  the  high  speed 
transistor  field.   Thus  a  premium  is  placed  on  complete  logical  set  of  circuits 
which  is  constructed  of  one  type  of  transistor  only- 

Another  difficulty  associated  with  transistor  circuits  is  the  rather 
complex  type  of  not  circuits  which  seem  to  evolve  for  sufficiently  tolerance- 
safe  circuits.   These  circuits  actually  are  about  as  complex  as  the  flipflop 
circuits  themselves  and  actually  are  quite  slow  compared  to  the  and  and  or  circuits 
listed  above  when  constructed  of  the  same  transistors .   This  is  true  even  when  both 
pnp  and  npn  transistors  are  available.   Therefore  two  sets  of  circuits  were  devised 
to  circumvent  this  problem.   One  of  these  presupposes  both  types  of  transistors. 
The  means  of  avoiding  the  necessity  of  having  an  overt  not  circuit  is  to  carry 
about  both  a  signal  and  its  complement  at  all  points  in  the  logical  circuitry. 
With  the  npn- pnp  arrangement  the  topo logically  similar  and  and  or  circuits  listed 
above  were  proposed.   Since  it  will  be  necessary  in  this  system  to  generate  both 
the  logical  function  and  its  complement  at  each  point  in  the  circuit,  a  somewhat 
more  complex  logical  structure  is  necessary*  Assume  that  it  is  desired  to  obtain 
both  (A°B)  and(A°B)',  given  A  and  A*  and  B  and  B' .   Then  (A°B)  results  directly 
from  the  use  of  the  and  circuit.   Using  the  or  circuit  and  A'  and  B',  (A'  v   B' ) 
=  (A»B)'  is  generated  which  is  the  required  complement.   In  a  completely  symmetrical 

manner  (A  v  B)  may  be  obtained  directly  and  the  and  circuit  may  be  used  to  obtain 

i 

(A'oB')  =  (A  vB)'.   Thus  the  not  circuit  is  avoided  at  the  expense  of  increased 
and- or  circuitry  and  the  requirement  that  all  flipflops  be  of  the  symmetrical 
type. 

Another  system  of  achieving  this  end  with  transistors  of  only  one  type 
is  shown  below.   Here  the  and  and  or  circuits  are  identical  in  form  and  the 
inputs  are  presumed  to  be  of  a  push-pull  form,  that  is  the  logical  value  is 
arranged  to  be  a  function  of  only  the  difference  in  voltage  between  the  terminals 
giving  A  and  A'  rather  than  the  magnitude  of  the  voltage  at  either  terminal  as  in 
the  above  set.   The  circuit  shown  below  is  marked  as  it  would  be  for  an  and 
circuit.   The  or  circuit  Is  obtained  by  reversing  the  A  and  A'  connections  and 
the  B  and  B'  connections.   The  circuit  shown  uses  only  pnp  transistors  although 
an  exactly  analogous  circuit  is  available  using  the  npn  type. 
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It  is  evident  that  this  circuit  will  be  of  a  slower  type  than  the  emitter- follower 
class,  "but  it  does  use  only  one  type  of  transistor <»  It  also  has  gain  so  degenera- 
tion is  no  problem  in  its  use. 

In  order  to  achieve  operating  circuitry  without  the  ultimate  in  transistors, 
certain  high  speed  circuits  have  been  designed  whose  speeds  of  response  are  a 
function  almost  solely  of  the  transistors  used  in  the  circuits.   Thus  these 
circuits  may  be  tested  with  slower  transistors  for  certain  tolerance  features 
until  faster  ones  are  available  and  then  these  faster  transistors  may  be  used 
to  obtain  the  desired  circuit  speeds. 


VIII.  CONSTRUCTION. 

The  shop  has  completed  the  final  drum  auxiliary  memory  except  for  fitting 
the  covers  to  the  frame  unit  and  making  up  the  cables  between  the  individual  drum 
reading  and  writing  heads  and  the  preamplifier  chassis. 

IX.  REPORTS  AID  SEMINARS. 

Seminars 

"Properties  of  Characteristic  Curves  and  the  Numerical 
Integration  of  the  Characteristic  Equations"  by  Carl  C. 
Farrington,  November  1,  1955* 

"Numerical  Computation  of  the  Characteristic  Values  of 
a  Real  Symmetric  Matrix"  by  Gene  H.  Golub,  November  8,  1955° 
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Seminars'  (Conto) 

"Automatic  Network  Analysis  with,  a  Digital  Computational 
System"  by  E.  J„  Schneberger,  November  15,  1955° 

"A  Boolean  Algebra  Involving  Delays"  by  G.  A.  Metze, 
November  22,  1955 

"Review  of  Logic  for  Digital  Computer  Adder  Carry 
Circuits"  by  Raymond  E.  Miller,  November  29,  1955° 


X.   PERSONNEL . 

The  personnel  associated  with  the  group  and  hence  the  contributors 
to  this  report  are: 

Bartky,  Walter  Scott,  1/2  time  Res .  Asst. 

Carter,  Clifford  E.,  Electronics  Engineer1  for  Illiac 

Clark,  Miss  Helen  Bo,  Secretary 

Clements,   Virgil  F„,  Jr.  Laboratory  Mechanic 

DeWit,  Roland,  1/2  time  Res.  Assto 

Ehmen,  Mrs.  M.  Gwendolyn,  Computer  Teletype  Operator 

Farrington,  Carl  C,  l/2  time  Res.  Asst. 

Fishel,  Jerome  H.,  l/2  time  Res.  Asst. 

Goldberg,  Jack  L„,  l/2  time  Res.  Asst. 

Golub,  Gene  H.,  l/2  time  Res.  Asst. 

Holm,  Walter  H.,  2/3  time  Jr.  Electronics  Techn. 

Huffman,  Wm.  L„,  Computer  Operator  II 

Kerkering,  Thomas  E.,  Sr.  Laboratory  Mechanic 

Leichner,  Gene  H.,  3  A  time  Res.  Asst. 

Lopeman,  Harold  E.,  Electronics  Engineer  for  Illiac 

Lurie,  Fred  M. ,  l/2  time  Res.  Asst. 

Martin,  Ronald  Do,  Jr.  Elec.  Tech. 

McGinnis,  Gerald  A.,  Electronics  Engineer  for  Illiac 

Meagher,  R.  E.,  Chief  Engineer 

Metze,  Gemot  A.,  l/2  time  Res.  Asst. 

Michael,  George  W.,  Administrative  Assistant 

Miller,  Raymond  E.;  l/2  time  Res.  Asst. 

Morrill,  Ronald  F.,  Draftsman 

Muller,  David  E.,  Res.  Asst.  Prof,  of  Applied  Math. 

Nash,  J.  P.,  Res.  Prof,  of  Applied  Math. 

Neleon,  James  C,  l/2  time  Res.  Asst. 

Newmark,  N.  M.,  Chairman,  Executive  Committee 

Pelg,  Edmund,  Jr.  Electronics  Technician 

Poppelbaum,  W.  J.,  Res.  Asst.  Prof. 

Robertson,  James  E.,  Res.  Asst.  Prof,  of  Elec.  Eng. 

Russell,  Miss  Ramona  J.,  Computer  Operator  I 

Schneberger,  Edward  J.,  l/2  time  Res.  Asst. 

Seshu,  Mrs.  Lily  H.,  1/2  time  Res.  Asst. 


-20- 


Stephens,  Allen,  Jr.  Laboratory  Mechanic 
Taub,  A.  H„,  Res.  Prof„  of  Applied  Math. 
Warner,  John  H. ,  Computer  Operator  I 
Wenta,  Joseph,  Sr.  Electronics  Technician 
Wier,  Joseph  M„,  Research  Associate 
Yu,  Hwa-Men,  l/2  time  Res.  Asst. 

Student  Assistants 

Geis,  John  P. 
Goodman,  Robert 
Hill,  Robert  S. 
Kirwan,  John  F. 
Ogata,  Albert  I. 

The  work  of  the  group  is  under  the  administration  of  an  Executive 

Committee  with  the  following  members:   H»  M.  Newmark,  Chairman,  D.  E.  Muller, 

W.  Jo  Poppelbaum,  J.  E.  Robertson,  J.  P.  Nash,  A.  H„  Taub,  and  R.  E.  Meagher. 


e. 


R.  E.  Meagher 


REM/hc 
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UNIVERSITY  OF  ILLINOIS 
GRADUATE  COLLEGE 
DIGITAL  COMPUTER  LABORATORY 


TECHNICAL  PROGRESS  REPORT 

Teaching  and  graduate  research  are 
not,  In  general,  reported  herein. 


December  1  *  December  31*  1955 


I.   MATHEMATICAL  RESEARCH  AND  PROGRAMMING.   (This  work  is  supported  in  part  by 
the  Office  of  Naval  Research  under  Contract  N6ori-O7130. ) 

Boolean  Algebra  and  Switching  Circuits 

Three  theorems  on  composition  and  two  on  decomposition  of  speed 
independent  circuits  have  been  found.   The  theorems  on  composition  show  that 
any  delay  elements  present  in  a  speed  independent  circuit  may  be  removed  with- 
out affecting  its  behavior  or  speed  independence  and  that  two  elements  which 
statically  behave  as  a  single  element  may  be  combined  in  a  speed  independent 
circuit  without  affecting  the  behavior  of  the  circuit  or  its  speed  independence. 
The  theorems  on  decomposition  show  that  if  a  single  element  is  decomposed  into 
a  set  of  elements  in  a  speed  independent  circuit,  any  violation  of  speed  inde- 
pendence in  the  new  circuit  may  be  discovered  by  investigating  only  possible 
violations  which  are  concerned  with  the  new  elements . 

A  synthesis  theory  has  been  developed  for  speed  independent  cir- 
cuits and  seems  to  yield  a  practical  design  method  for  such  circuits  (including 
registers,  gates,  adders  and  control  circuits).   It  consists  of  starting  with  a 
synchronous  circuit  design  and  replacing  certain  sets  of  elements  with  new  speed 
independent  sets.   The  technique,  which  appears  to  be  particularly  applicable  to 
transistor  circuits,  also  allows  the  use  of  conventional  flipflpps  in  the  design 
with  the  exception  of  three  elements  in  the  entire  circuit. 

Continued  Fraction  Expans ions 

A  continued  fraction  expansion  has  been  used  to  evaluate  e  for 
-1  <  x  <0.  The  program  for  carrying  out  the  computation  has  the  same  accuracy 
(2   )  and  the  same  speed  (13  milliseconds)  as  the  power  series  method  in  the 
present  library  routine  but  requires  only  19  words  of  program  instead  of  the 
present  33*  Additional  speed  may  be  obtained  by  sacrificing  accuracy.  For 
example,  if  the  range  is  restricted  to  -l/2  <  x  <  0  and  one  word  of  the  routine 
is  changed,  the  accuracy  will  be  about  k   decimal  places  but  the  time  required 
will  be  reduced  by  about  7  milliseconds . 

Sturm-Liouville  Systems 

Four  routines  for  the  Sturm-Liouville  problem  were  written,  one 
being  a  routine  for  diagonalizing  a  quadratic  form  by  completing  the  square. 
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This  routine  will  have  useful  applications  elsewhere  also.  A  considerable  improve- 
ment in  the  algorithm  for  computing  the  elements  of  the  matrices  L  and  M  in 
the  equation  Ly  =  |oMy  from  which  the  eigenvalues  and  eigenf unctions  are  computed 
has  been  made.   This  has  reduced  the  storage  requirement  so  that,  without  repeating 
any  computations,  only  N(N  +  2m  +  3)  +  m  +  1  memory  locations  will  be  needed, 
where  N  is  the  order  of  the  matrices  L  and  M  and  m  is  the  degree  of  the 
polynomial  arcs  used  to  approximate  the  function  y(x). 

Floating  Address  and  Compiling  Routines 

The  last  of  the  main  blocks  of  the  floating  address  routine  were 
completed,  and  a  rough  outline  of  the  sequencing  of  the  compiler  operations  was 
decided  upon.   Two  problems  still  remaining  are  the  treatment  of  interludes  and 
the  use  of  absolute  addresses. 

Statistical  Applications 

A  good  portion  of  a  multiple  regression  routine  has  been  worked  out 
and  much  of  it  has  been  checked. 

II.  ANALYTICAL  PROGRAM.   (This  work  is  supported  in  part  by  National  Science 
Foundation  Grant  G-1221. 

A  paper,  entitled  "Isentropic  Hydrodynamics  in  Plane  Symmetric  Space- 
Times"  was  prepared  for  publication.   In  this  paper  use  is  made  of  a  form  of 
the  stress  energy  tensor  of  a  perfect  fluid,  previously  derived  for  special 
relativity,  to  show  that  for  irrotational  isentropic  motions  a  co-moving  coordinate 
system  exists  in  which  both  sides  of  the  Einstein  graviational  field  equations 
may  be  expressed  in  terms  of  the  dependent  variables  of  the  self-gravitational 
problem  for  a  perfect  fluid.   It  is  shown  that  for  a  space-time  with  plane 
symmetry  the  field  equations  and  the  assumption  of  isentropy  imply  the  conser- 
vation of  mass.  General  methods  for  dealing  with  these  field  equations  are  given 
for  the  static  and  s  atially  independent  cases .  Approximate  solutions  are 
obtained  for  other  specific  cases.  The  general  exact  solution  is  obtained  for 
the  incompressible  case.  Properties  of  the  incompressible  case  are  discussed. 
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III.   PROGRAM  LIBRARY. 

The  following  two  new  programs  were  added  to  the  active  library. 
Library  Routine  V-6  was  prepared  by  Professor  J.  N.  Snyder  of  the  Physics 
Department . 


V-6  (202) 


FA-2  (203) 


Associated  Legendre  Functions .   80  words .   This  is 
a  closed  routine  for  calculating  a  table  of  functions . 
The  routine  operates  in  three  parts:   l)  calculation 
of  the  unnormalized  Legendre  Polynomials,  2)  calculation 
of  starting  values  for  a  recursion  relation,  and  3)  cal- 
culation of  the  associated  functions  by  means  of  the 
recursion  relation. 

Floating  Decimal  Solution  of  a  System  of  Ordinary 
Differential  Equations .  kj   words  +  function  routine . 
This  routine  is  a  closed  auxiliary  for  Library 
Routine  A-l,  which  itself  requires  168  words.  Except 
for  its  use  of  floating  decimal  representation,  it  is 
similar  in  operation  to  Library  Routine  F-l  and  is 
intended  to  advance,  with  the  Runge-Kutta  method,  the 
solution  of  a  set  of  simultaneous  first  order  differen- 
tial equations. 


IV.  MACHINE  USE. 

During  December  specifications  were  presented  for  17  new  problems.   This 
list  does  not  indicate  how  the  Illiac  was  used  because  large  amounts  of  machine 
time  may  have  been  consumed  by  problems  with  numbers  less  than  706.  Numbers 
followed  by  T  are  for  theses. 

706  Computer.  Floating  Point  Runge-Kutta.   This  was  a  test  of  a  new  library 
routine  which  had  recently  been  prepared. 

707  Electrical  Engineering.  Magnetic  Current  Loop.  This  problem  is  concerned 
with  a  numerical  integration  to  solve  the  field  equations  arising  from  a  ribbon 
of  magnetic  current  encircling  a  dielectric  rod. 
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708  Psychology.  Analysis  of  Elementary  School  Child  Personalities.   Through 
the  calculation  of  a  matrix  of  0  coefficients,  a  centroid  factor  analysis, 
and  rotation  of  factors,  an  analysis  will  be  carried  out  on  a  personality 
inventory  of  251  items  administered  to  168  elementary  school  children. 

709  T  Physics.  Photo-nuclear  Cross  Section  Analysis.   This  problem,  part  of 
which  is  programmed  with  floating  point  representation,  will  be  used  to  predict 
how  the  photo-neutron  cross  section  varies  with  energy  very  near  the  threshold 
energy. 

710  MURA.  RF-Acceleration.   This  program  takes  the  particle  in  the  synchrotron 
through  the  acceleration  cycle  which  will  be  achieved  by  up  to  8  radio-frequency 
cavities  variously  spaced  around  the  machine.   The  voltage  amplitude  and  the 
frequency  of  the  RF  voltage  impressed  on  each  cavity  can  be  a  given  function  of 
time  during  the  acceleration  cycle. 

711  Computer.  Multiple  Regression  Routine.   This  will  be  a  library  program 
designed  to  compute  regression  weights. 

712  Computer.   The  Calculation  of  Bernoulli  Numbers.   The  program  is  designed 
to  calculate  the  first  1000  Bernoulli  numbers  as  fractions . 

713  Physics.  Proton  Flux.   This  program  consists  of  solving  a  number  of  simul- 
taneous linear  algebraic  equations . 

71^  T  Corn  Production  in  South  Africa.  A  multiple  correlation  routine  will  be 
used  to  estimate  the  effect  of  various  factors  on  the  yield  and  profits  of  corn 
in  the  Union  of  South  Africa. 

715  Computer.  Demonstration  of  Prime  Pairs.  This  is  a  slight  modification  of 
the  present  prime  number  routine  to  make  it  print  only  prime  pairs .   It  uses 
the  principle  that  6n  +  1  is  a  prime  pair  if  there  are  no  divisors  of  n  of  the 
form  6m  +  1  which  give  remainders  of  +m. 
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716  Institute  of  Communications  Research.  Prediction  of  Stimulus  Complex. 
A  theoretical  model  for  the  stimulus  complex  is  used  to  obtain  predicted 
scores  through  the  substitution  of  some  1800  pairs  of  values  into  an  equation. 
These  predicted  values  will  then  be  compared  to  the  obtained  scores  gathered 
from  testing. 

717  Psychology.   Interrelationships  and  Behavior  in  a  Level  of  Aspiration  Type 
Situation.   The  problem  is  to  delineate  and  offer  a  theoretical  explanation  of 
relationships  between  the  level  of  aspiration  data,  data  on  the  perceptions  of 
self  and  others,  and  data  from  an  item  analysis  of  the  F-scale.   The  computation 
involves  a  solution  of  several  large  correlation  matrices  and  is  expected  to  be 
handled  through  the  use  of  library  routines . 

718  Mathematics.  Solution  of  a  System  of  Differential  Equations  by  Milne's 
Method  with  Variable  Increment.   This  program  is  designed  to  use  essentially 
the  method  of  Library  Routine  F-2  but  with  provision  to  vary  the  increment  of 
the  independent  variable  depending  on  the  number  of  iterations  required  for 
convergence.  A  certain  amount  of  automatic  scaling  will  also  be  done  by  the 
routine . 

719  Computer.   Transistor  Flipflop  Design.  An  iterative  method  is  used  to 
solve  a  set  of  5  non- linear  algebraic  equations.  The  solutions  of  the  equations 
provide  circuit  values  for  a  transistor  flipflop. 

720  Electrical  Engineering.   Slotted  Wave  Guide.   The  problem  required  finding 
complex  roots  of  a  transendental  equation  in  order  to  compute  the  complex 
propagation  constant  of  an  electro-magnetic  wave  traveling  down  a  periodically 
slotted  wave  guide. 

721  Physics.   Proton  Flux  Distribution.  A  least-squares  or  maximum-minimum 
process  will  be  used  to  compute  values  at  a  mesh  of  points  for  direct  use  in 
evaluating  by  analog  means  the  necessary  line  integrals  occurring  in  a  low 
energy  meson  distribution. 
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722  Aeronautical  Engineering.  Eigenvalues  of  a  Symmetric  Matrix.   Library 
Routine  N-3  will  be  used  to  find  the  eigenvalues  for  k   symmetric  matrices  of 
order  10. 

Table  I  shows  distribution  of  machine  time  for  the  month  of  December. 


TABLE  I 

Regular  Maintenance  and  Illiac  Engineering 

Unscheduled  Maintenance  or  Repair 

R.A.R. 

Leapfrog 

Wasted 

Use  by  Departments 
Computer  Group 
Physics 

Control  Systems  Laboratory 
Structural  Research 
Structural  Research  (AF  24994) 
Psychology 

Psychology  (Wavy  Task  35) 
Electrical  Engineering 
Electrical  Engineering  (AF  3320) 
Chemistry 
Agriculture 
Cosmotron  (MURA) 
Economics 

Theoretical  and  Applied  Mechanics  (ONR  07153) 
Institute  of  Communications  Research 
University  of  Rochester  (Physics  Dept.) 
Classes 

Demonstrations 
Miscellaneous 


Total 


43:15 

13:17 

5:07 

79:30 

:40 

29:44 

57:31 

7^  3^ 

4:38 

4:02 

:50 

:10 

2:27 

:09 

22:30 

11:02 

113:33 

3303 

2:11 

=  37 

21:26 

12:10 

:49 

8:35 

511:50 
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V.   ERROR  FREQUENCY  AND  ANALYSIS. 

The  machine  is  nromally  used  for  "engineering"  and  maintenance  between 
8:00  A.M.  and  12:00  N,  and  for  a  check  of  its  performance  between  6:00  and 
6:30  P.M.  of  each  weekday.   Since  the  periods  between  8:00  A.M.  and  noon,  together 
with  certain  irregular  periods  like  Saturdays  and  Sundays,  are  devoted  to  a 
heterogeneous  group  of  functions,  it  is  more  instructive  from  an  error  standpoint 
to  look  at  the  periods  between  noon  and  8:00  A.M.  of  the  next  day  in  order  to  make 
an  observation  of  the  error  frequency  in  the  machine.   This  is  the  actual  period 
when  the  machine  is  designated  for  use.  With  this  in  mind,  a  summary  table  has 
been  prepared  using  the  period  between  noon  and  8:00  A.M.  of  the  next  day.   This 
table  lists  the  running  time  when  the  machine  was  operating,  the  amount  of  time 
devoted  to  repairs  because  of  breakdowns,  and  the  number  of  failures  while  the 
machine  was  listed  as  running.  During  the  6:00-6:30  P.M.  period  (when  the 
machine  is  checked)  if  no  errors  are  found,  the  time  is  given  to  the  "running 
column."  Each  failure  was  considered  to  have  terminated  a  running  period  and 
was  followed  by  a  repair  period  in  preparing  this  table.   Since  the  leapfrog 
code  is  our  most  significant  machine  test,  the  length  of  time  which  it  has  been 
used  on  the  machine  is  listed  separately  together  with  the  number  of  errors 
associated  with  that  particular  code.   This  information  for  the  month  is  pre- 
sented in  Table  II. 

It  is  important  to  notice  that  any  interruption  of  machine  time  that 
was  not  planned  for  is  considered  a  failure  in  this  table.   In  rare  cases  where 
the  failure  is  not  known  until  a  later  time,  it  is  possible  that  no  repair 
period  is  associated  with  the  failure.   This  overall  system  has  been  adopted 
because  it  makes  it  possible  for  a  machine  user  to  estimate  directly  the  probability 
that  the  machine  will  be  "running"  at  any  instant  of  time  and  the  probability  of  a 
failure  during  any  given  interval  of  running  time. 

VI.   COMMENTS  ON  THE  ILLIAC  AND  RELATED  FACILITIES. 

Table  III  presents  a  summary  of  errors  or  interruptions  for  December. 
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TABLE  III 
Summary  of  Errors 

Arithmetic  Unit  0 

Control  0 

Reading  Combined  with  Punching  0 

Reading  only  10 

Punching  only  2 

Memory  2 

Reader  Control  0 

Input  Output  Control  0 

Fuse  blew  in  Circuit  #23? 

dc  went  off  1 

Hung  up  on  Scope  Output  Order  1 


Total        2k 

The  auxiliary  drum  memory  unit  has  been  installed  in  the  room  with  Illiac 
and  all  electric  connections  have  been  completed  to  and  from  it  so  that  testing 
of  the  drum  memory  can  begin.   Because  not  enough  cable  was  on  hand,  only  72  of 
the  total  200  tracks  have  been  connected  into  the  circuits.   It  is  anticipated 
that  the  drum  memory  unit  will  be  tested  during  the  month  of  January. 

VII.   RESEARCH  ON  COMPUTER  COMPONENTS.   (This  work  is  supported  in  part  by  the 
Office  of  Naval  Research  under  Contract  N6or i- 07124. ) 

Transistor  Test  Computer 

As  mentioned  in  the  May,  1955  report,  a  small  computer  has  been 
designed  and  has  been  in  the  process  of  being  built  for  the  purpose  of  testing 
and  becoming  familiar  with  transistors  in  modest  numbers.   This  computer  contains 
k   bit  registers  including  shift  registers  of  exactly  the  kind  now  contained  in 
Illiac,  except  that  transistor  circuits  with  approximately  1  \is   operation  times 
are  used.   The  test  computer  is  to  have  a  core  memory  of  a  total  of  2k   bits  using 
transistor  drive  and  read  circuits.   There  will  be  a  sufficient  amount  of  control 
to  enable  the  computer  to  add  and  subtract,  multiply  and  divide  under  certain 
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simple  and  hence  restricted  conditions.   It  is  not  a  general  purpose  computer 
in  that  even  the  small  number  of  orders  which  can  he  handled  are  not  inter- 
changeable with  numbers  in  the  memory  and  no  provision  is  made  for  storing 
numbers  into  the  memory  from  certain  parts  of  the  arithmetic  unit.   This  small 
computer  is  to  serve  as  a  testing  ground  for  transistor  elements.  A  more 
detailed  report  on  it  will  be  available  later. 

Computer  Program  for  Transistor  Flipflop  Circuit 

A  program  and  code  has  been  prepared  to  obtain  numerical  results 
for  the  constants  used  in  the  following  simple  transistor  flipflop 


The  code  is  so  constructed  that  the  designer  specifies  the  following  quantities 

1.  Power  supply  tolerance 

2.  Resistor  tolerance 

3.  Negative  supply  voltage 

h.  Maximum  total  current  taken  from  the  bleeder  to  feed  the  external 
circuit  and  the  emitter  follower  part  of  the  flipflop 

5.  Maximum  collector  current  rating 

6.  Least  negative  output  voltage  allowed 

7.  Least  positive  output  voltage  allowed 

8.  Maximum  collector  voltage  rating 

9-  Minimum  collector  voltage  allowed  to  avoid  saturation 

10.  Maximum  collector  dissipation  rating 

11.  Ratio  of  minimum  to  maximum  a 

The  code  proceeds  to  find  the  following  quantities : 
1.   The  positive  supply  voltage 
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2.  The  smallest  allowable  collector  current 

3.  The  three  bleeder  resistor  values 
(R  is  not  given  by  the  code.) 

The  procedure  used  is  as  follows : 

1.  The  positive  supply  is  made  as  large  as  can  be  considered  (lOOv). 

2.  The  collector  current  is  made  equal  to  the  maximum  allowed  current. 

3.  The  collector  current  is  reduced  to  as  small  a  value  as  possible  to 
still  allow  a  solution  for  the  three  resistors  (i.e.  3  positive  real 
values) . 

h.  The  saturation  condition  is  checked  and  the  positive  supply  is  re- 
duced (re-computing  the  collector  current  and  three  resistors  each 
time)  until  the  saturation  condition  is  just  satisfied. 

5.  The  maximum  collector  voltage  condition  is  checked  and  the  results 
are  printed. 

Many  times  the  requirements  cannot  all  be  met.  When  this  occurs  the 

code  prints  the  conditions  which  are  not  satisfied  together  with  the  values 

which  came  closest  to  working.   This  allows  the  designer  to  decide  which 

required  conditions  might  be  changed  to  get  a  satisfactory  solution. 

Method  of  Multiplication 

A  method  of  multiplication,  believed  to  be  new,  which  for  Illiac 
would  require  only  39  steps,  was  devised.   The  method  requires  a  serial  sensing 
of  the  multiplier  digits,  least  significant  digit  first.  A  shift  is  executed 
for  each  zero  of  the  multiplier,  until  the  first  one  of  the  multiplier  is  sensed. 
The  first  one  is  noted,  but  otherwise  ignored.   Thereafter,  when  the  multiplier 
digit  sensed  is  a  one,  the  multiplicand  is  added  to  the  partial  product  and  the 
sum  is  shifted;  when  the  multiplier  digit  sensed  is  a  zero,  the  multiplicand  is 
subtracted  from  the  partial  product  and  the  difference  is  shifted.   The  sign 
digit  of  the  multiplier  must  be  complemented  before  it  is  sensed.  For  example 

1. 01001100  is   treated  as 

.   (-i)(-i)(+i)(-D(-i)(+i)  0  0  . 

The  method  is  the  inverse  of  non-restoring  division. 
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VIII.  CONSTRUCTION. 

Again  the  major  part  of  the  shop  work  has  been  on  the  auxiliary  drum 
memory.   In  addition  to  the  drum  memory  work,  a  revised  model  of  the  photoelectric 
tape  reader  has  been  prepared  in  which  many  of  the  mechanical  parts  have  "been 
made  stronger  and  more  accessible  for  adjustment.  This  revised  model  has  proved 
to  operate  well  and  to  be  quieter.   If  time  permits  it  is  anticipated  that  some 
alterations  will  be  made  on  the  other  photoelectric  tape  readers  to  incorporate 
these  better  features. 

IX.  REPORTS  AND  SEMINARS. 

Seminars 

"A  Floating  Address  Input  Routine  for  the  Illiac," 
Lily  H.  Seshu,  December  6,  1955- 

"The  theory  of  Asynchronous  Circuits,"  David  E.  Muller, 
December  13,  1955* 

"Ferro-Electric  Storage,"  Gene  H.  Leichner,  December  20, 
1955. 

Reports 

Internal  Report  No.  66,    "Theory  of  Asynchronous  Circuits," 
David  E.  Muller,  December  6,  1955- 

Internal  Report  No.  67,  "Notes  on  the  Use  of  Parallelism 

in  Ultrahigh  Speed  Computer  Designs,"  J.  M.  Wier,  December  12, 

1955- 

"Two's  Complement  Multiplication  in  Binary  Parallel  Digital 
Computers,"  J.  E.  Robertson,  IRE  Transactions  on  Electronic 
Computers,  EC-4:ll8,  September,  1955- 


X.   PERSONNEL. 

The  personnel  associated  with  the  group  and  hence  the  contributors  to 

this  report  are : 

Bartky,  ¥.  Scott,  l/2  time  Res.  Asst. 

Carter,  Clifford  E.,  Electronics  Engineer  for  Illiac 

Clark,  Miss  Helen  B.,  Secretary 

Clements,  Virgil  F. ,  Jr.  Laboratory  Mechanic 

DeWit,  Roland,  l/2  time  Res.  Asst. 

Ehmen,  Mrs.  M.  Gwendolyn,  Computer  Teletype  Operator 
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Farrington,  Carl  C-,  1/2  time  Res.  Asst. 

Fishel,  Jerome  H.,  1/2  time  Res.  Asst. 

Goldberg,  Jack  L. ,  l/2  time  Res.  Asst. 

Golub,  Gene  H.,  l/2  time  Res.  Asst. 

Holm,  Walter  H.,  2/3  time  Jr.  Electronics  Technician 

Huffman,  Wm.  L.,  Computer  Operator  II 

Kerkering,  Thomas  E.,  Sr.  Laboratory  Mechanic 

Leichner,  Gene  H.,  3 A  time  Res.  Asst. 

Lopeman,  Harold  E.,  Electronics  Engineer  for  Illiac 

Lurie,  Fred  M.,  l/2  time  Res.  Asst. 

Martin,  Ronald  D.,  Jr.  Elec.  Technician 

McGinnis,  Gerald  A.,  Electronics  Engineer  for  Illiac 

Meagher,  R.  E.,  Chief  Engineer 

Metze,  Gemot  A.,  1/2  time  Res.  Asst. 

Michael,  G.  W.,  Administrative  Assistant 

Miller,  Raymond  E.,  l/2  time  Res.  Asst. 

Morrill,  Ronald  F.,  Draftsman 

Muller,  David  E.,  Res.  Asst.  Prof,  of  Applied  Math. 

Nash,  J.  P.,  Res.  Prof,  of  Applied  Mathematics 

Nelson,  James  C,  l/2  time  Res.  Asst. 

Newmark,  N.  M.,  Chairman,  Exec.  Comm. 

Pelg,  edmund,  Jr.  Electronics  Technician 

Poppelbaum,  W.  J.,  Res.  Asst.  Prof. 

Robertson,  James  E.,  Res.  Asst.  Prof,  of  Elec.  Eng. 

Russell,  Miss  Ramona  J.,  Computer  Operator  I 

Schneberger,  Edward  J.,  l/2  time  Res.  Asst. 

Seshu,  Mrs.  Lily  H.,  l/2  time  Res.  Asst. 

Stephens,  Allen,  Jr.  Laboratory  Mechanic 

Taub,  A.  H.,  Res.  Prof,  of  Applied  Math. 

Warner,  John  J.,  Computer  Operator  I 

Wenta,  Joseph,  Sr.  Electronics  Technician 

Wier,  Joseph  M.,  Research  Associate 

Yu,  Hwa-Nien,  l/2  time  Res.  Asst. 

Student  Assistants 

Dean,  Floyd  R.  (Started  December  13) 

Geis,  John  P. 

Goodman,  Robert 

Hill,  Robert  S. 

Kirwan,  John  F. 

Ogata,  Albert  I. 

The  work  of  the  group  is  under  the  administration  of  an  Executive 
Committee  with  the  following  members:  N.  M.  Newmark,  Chairman,  D.  E.  Muller, 
W.  J.  Poppelbaum,  J.  E.  Robertson,  J.  P.  Nash,  A.  H.  Taub,  and  R.  E.  Meagher. 
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